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
7KHHYDOXDWLRQRIELRGHJUDGDWLRQRIRUJDQLFFKHPLFDOVRIHQYLURQPHQWDOFRQFHUQLVD
ELJFKDOOHQJHIRUULVNDVVHVVPHQWDQGLVVXEMHFWWROHJLVODWLRQDQGUHJXODWLRQ,QWKH
(XURSHDQ8QLRQ(8FKHPLFDOVWKDWDUHWUDGHGKDYHWREHDSSURYHGE\WKH5($&+
OHJLVODWLRQLISURGXFHGDQGVROGLQDPRXQWVJUHDWHUWKDQRQHWRQSHU\HDU>@7KH
DVVHVVPHQWRIELRGHJUDGDELOLW\XQGHUHQYLURQPHQWDOFRQGLWLRQVLVVWDQGDUGLVHGE\
2(&'WHVWLQJJXLGHOLQHVVXFKDV2(&'7HVWV1RVXVHGIRUWKHDVVHVVPHQWRI
ELRGHJUDGDWLRQLQVHDZDWHUVRLOIUHVKZDWHUDQGIUHVKZDWHUVHGLPHQWV\VWHPV>@
7UDQVIRUPDWLRQDQGELRGHJUDGDWLRQLVPRVWO\WHVWHGZLWK&RU&ODEHOOHG
SDUHQWFRPSRXQGV,VRWRSHVDUHSDUWLFXODUO\QHHGHGIRUDVVHVVPHQWRIQRQH[WUDFWDEOH
UHVLGXHV1(5DOVRFDOOHG³ERXQGUHVLGXHV´DQGWUDFLQJRIXQNQRZQPHWDEROLWHV>@
$VVHVVPHQWRIELRGHJUDGDWLRQLVZHOOHVWDEOLVKHGEXWPD\VWLOOKDYHVRPHSLWIDOOVIRU
YDULRXVFRPSRXQGV>@$OWKRXJKWKHUHDUHVHYHUDODSSURDFKHVIRUWKHUHOLDEOH
SURVSHFWLYHDVVHVVPHQWRIFKHPLFDOSURSHUWLHVDQGEHKDYLRXUIURPTXDQWLWDWLYH
VWUXFWXUHDFWLYLW\UHODWLRQVKLS46$5PRGHOOLQJDYDLODEOH>@PXFKOHVVLVDYDLODEOH
IRUWKHDVVHVVPHQWRIELRGHJUDGDWLRQ>@7KHDVVHVVPHQWRIUHVLGXHIRUPDWLRQLVVWLOO
LQLWVLQIDQF\DQGDQGLVQRW\HWSUHGLFWDEOH
5HFHQWO\DQRYHODSSURDFKZDVVXJJHVWHGIRUPRGHOOLQJWKHIRUPDWLRQRI
ELRJHQLFUHVLGXHV>@ZKLFKFDQDOVRHOXFLGDWHWKHEODFNER[RI1(51(5PD\EH
IRUPHGE\VHTXHVWUDWLRQRUHQWUDSPHQWRISDUHQWFRPSRXQGVRUPHWDEROLWHVLQVRLOVDQG
VHGLPHQWVW\SH,1(5DQGDOVRE\FRYDOHQWERQGLQJWRVRLORUJDQLFPDWWHUW\SH,,
1(5$QRWKHUW\SHRIUHVLGXHVLVIRUPHGDIWHULQFRUSRUDWLRQRIFDUERQLQWRPLFURELDO
ELRPDVVDIWHUPLFURELDOSURGXFWLYHGHJUDGDWLRQRIWKHSDUHQWFRPSRXQGW\SH,,, 
ELRJHQLF1(5>@$SSDUHQWO\1(5DUHPRVWO\FRPSULVHGRIDOOW\SHVRIUHVLGXHVDQG
Page 3 of 90
URL: http://mc.manuscriptcentral.com/sqer
SAR and QSAR in Environmental Research
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only


WKXVWKHDVVHVVPHQWRIWKHELRJHQLF1(5IRUPDWLRQZLOODOVRSURYLGHLQIRUPDWLRQDERXW
WKHDPRXQWVRIWKHRWKHUW\SHVRI1(5IRUPHG
&RPSRXQGVWKDWDUHSRRUJURZWKVXEVWUDWHVDQGGRQRWSURYLGHVXIILFLHQW
HQHUJ\FDUERQRUQXWULHQWVWRWKHGHJUDGHUPLFUREHVJLYHQRLQFHQWLYHIRUGHJUDGDWLRQ
DQGFDQEHH[SHFWHGWREHPRUHVWDEOHXQGHUHQYLURQPHQWDOFRQGLWLRQV7KXVWKH
XVDELOLW\RIWKHPROHFXOHLWVHQHUJ\FRQWHQWDQGVXLWDELOLW\IRUDQDEROLFSURFHVVHVKDVD
SURIRXQGLPSDFWRQWKHHYROXWLRQDU\SUHVVXUHWRGHYHORSGHJUDGDWLRQSDWKZD\V
7KHUPRG\QDPLFDQDO\VLVFDQEHDSSOLHGWRGHWHUPLQHWKHIHDVLELOLW\DQG
GLUHFWLRQRIFKHPLFDOUHDFWLRQVXQGHUDJLYHQVHWRIFRQGLWLRQVVHHHJ>@,Q
DGGLWLRQWKHUPRG\QDPLFVFDQDOVREHXVHGWRGHVFULEHWKHSRWHQWLDOJURZWKRIEDFWHULD
>@(VVHQWLDOO\EDFWHULDOJURZWKLVVLPSOLILHGDQGVSOLWLQWRDQDEROLFSURFHVVHVHQHUJ\
GHPDQGLQJDQGFDWDEROLFSURFHVVHVHQHUJ\SURGXFLQJ>@7KHFDWDEROLFSURFHVVHV
GHVFULEHWKHHQHUJ\UHOHDVHGIURPWKHR[LGDWLRQRIDFKHPLFDORUDVXEVWUDWH,QDHURELF
PHWDEROLVPWKHR[LGDWLRQSURGXFWLVXVXDOO\&2DQG+27KHHOHFWURQVGHULYHGIURP
WKHR[LGDWLRQDUHSDUWO\WUDQVIHUUHGWRWKHV\QWKHVLVRIPLFURELDOELRPDVVDQDEROLVPRU
WUDQVIHUUHGWRWKHWHUPLQDOHOHFWURQDFFHSWRUVYLDWKHUHVSLUDWLRQFKDLQVFDWDEROLVPLQ
WKHPHPEUDQHVRIWKHRUJDQLVPVUHVXOWLQJLQWKHUHOHDVHRIHQHUJ\SUHGRPLQDWHO\IURP
WKHIRUPDWLRQRI&2DQG+2>@
7KHDQDEROLFSURFHVVHVGHVFULEHWKHVXEVWUDWHDQGHQHUJ\XVHIRUWKHV\QWKHVLVRI
QHZFHOOELRPDVV(OHPHQWHOHFWURQDQGHQHUJ\EDODQFHVDUHXVHGWRGHVFULEHWKH
SURFHVVHVUHODWHGWRWKHR[LGDWLRQDQGUHGXFWLRQKDOIUHDFWLRQVRIWKHFDWDEROLVPDQGWR
WKHHQHUJ\DQGHOHFWURQJDLQXVHGIRUFHOOV\QWKHVLVVHHHJ>@
7KHEDFWHULDOJURZWK\LHOGLVGHILQHGDVWKHPDVVRIEDFWHULDIRUPHGSHUPDVVRI
VXEVWUDWHFRQVXPHGJFHOOVSHUJVXEVWUDWHRIWHQDOVRJ&SHUJ&>@
7KHUPRG\QDPLFJURZWK\LHOGHVWLPDWLRQPHWKRGVZHUHGHYHORSHGLQRUGHUWRPRGHO
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PHWDEROLFSURFHVVHVDQGWRHVWLPDWHWKHDPRXQWVRIELRPDVVWKDWFDQEHGHULYHGIURP
PHWDEROLVPHJ>@7KHVHHVWLPDWHVKDYHSUHYLRXVO\EHHQXVHGIRU
ELRWHFKQRORJLFDOSXUSRVHVDQGIRUWKHHVWLPDWLRQRIDFWLYDWHGVOXGJHIRUPDWLRQLQZDVWH
ZDWHUWUHDWPHQWSURFHVVHVHJ>@7KHGLIIHUHQWJURZWK\LHOGHVWLPDWLRQPHWKRGVDUH
EDVHGRQDVLPLODUVHWRIFRQVLGHUDWLRQV>@
7KH7KHUPRG\QDPLF(OHFWURQ(TXLYDOHQW0RGHO7((0GHYHORSHGE\3HUU\
/0F&DUW\>@DQG([SDQGHG7KHUPRG\QDPLF7UXH<LHOG3UHGLFWLRQ0RGHO
(77<0RI;LDRDQG9DQ%ULHVHQ>@RUWKHLUYDULDWLRQVKDYHEHHQDSSOLHG>
@IRUWKHHVWLPDWLRQRIEDFWHULDOJURZWK\LHOGRQ[HQRELRWLFV%RWKPRGHOVKDYH
HYROYHGWRZDUGVDQLQFUHDVHGQHHGRINQRZOHGJHUHJDUGLQJWKHWUDQVIRUPDWLRQ
SDWKZD\VPHWDEROLFSURFHVVHVDQGWKHHOHFWURQDQGHQHUJ\ORVVHVDVVRFLDWHGKHUHWRLQ
RUGHUWRPRGHOVSHFLILFJURZWKRIYDULRXVRUJDQLVPV5HFHQWO\WKH0LFURELDO7XUQRYHU
WR%LRPDVV07%PHWKRGZDVGHYHORSHGE\7UDSSHWDO>@LQRUGHUWRSURYLGHDOHVV
FRPSOH[PHWKRGIRUWKHHVWLPDWLRQRIELRPDVVIRUPDWLRQGXULQJPHWDEROLVPRIDQ\
RUJDQLFFRPSRXQG,Q07%ZHSURSRVHGDVLPSOHPHWKRGWRSUHGLFWMXVWWKHPLQLPXP
EDFWHULDOJURZWK\LHOGSRWHQWLDOZLWKRXWWKHQHHGIRULQIRUPDWLRQRQWKHSDWKZD\VDV
WKLVLVUDUHO\NQRZQIRUWKHPDMRULW\RIFKHPLFDOVRIHQYLURQPHQWDOFRQFHUQ
)XUWKHUPRUHPLFURELDOJURZWKDQGGHFOLQHDUHFRXSOHGWRWKHIRUPDWLRQRIVRLORUJDQLF
PDWWHU620>@7KHUHIRUH\LHOGHVWLPDWLRQSURYLGHVDWRROIRUWKHDVVHVVPHQW
DQGSUHGLFWLRQRIELRJHQLF1(5IRUPDWLRQLQWKHGHJUDGDWLRQDVVHVVPHQWRIFKHPLFDOV
IRUUHJXODWRU\SXUSRVHV
7KHREMHFWLYHVRIWKHSUHVHQWVWXG\DUHLWRWKRURXJKO\FRPSDUHWKHUHFHQWO\
LQWURGXFHG07%PHWKRGZLWKRWKHU\LHOGHVWLPDWLRQPHWKRGVLLWRH[WHQGWKH07%
DSSURDFKIRUHOHFWURQDFFHSWRUVRWKHUWKDQR[\JHQHJQLWUDWHDQGVXOSKDWHLLLWR
SUHGLFWWKHELRPDVV\LHOGVGXULQJSHVWLFLGHGHJUDGDWLRQDQGHYHQWXDOO\WKHSRWHQWLDOIRU
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ELRJHQLF1(5IRUPDWLRQDQGLYWRGHWHUPLQHWKHVHQVLWLYHSDUDPHWHUVLQWKH\LHOG
SUHGLFWLRQPHWKRGV7KHHVWLPDWHVZHUHFRPSDUHGWRH[SHULPHQWDOO\GHWHUPLQHGJURZWK
\LHOGV)LQDOO\ZHFRQWUDVWPHDVXUHG1(5IRUPDWLRQRISHVWLFLGHVDQG[HQRELRWLFVZLWK
WKHSUHGLFWHGIRUPDWLRQRI620GXHWREDFWHULDOJURZWKDQGGHFOLQH
0DWHULDOVDQG0HWKRGV
7KHEDFWHULDOJURZWK\LHOGSUHGLFWLRQPHWKRGVFKRVHQIRUWKLVVWXG\KDYHDFRPPRQ
EDVLFDSSURDFKDVWRLFKLRPHWULFDOO\EDODQFHGUHGR[UHDFWLRQDQGWKHDVVRFLDWHGFKDQJH
RI*LEEVIUHHHQHUJ\7KLVPHDQVWKDWRQHFDQVHWXSKDOIUHDFWLRQVGHVFULELQJWKH
UHGXFWLRQRIWKHWDUJHWHGFRPSRXQGEHLW[HQRELRWLFRUQRWFDOFXODWHWKHDVVRFLDWHG
*LEEVIUHHHQHUJ\>@DQGFRPELQHLWZLWKKDOIUHDFWLRQVRIDQDSSURSULDWHHOHFWURQ
DFFHSWRUHJ21262)H0QRUHYHQ&2HWFDOORZLQJIRUDVVHVVPHQWRI
WKHEDFWHULDOJURZWK\LHOGXQGHUDPXOWLWXGHRIUHGR[FRQGLWLRQV+HUHZHRQO\ORRNDW
212DQG627KLVDSSURDFKKDVEHHQVKRZQIRU(77<0DQG7((0DQGKHUH
ZHZLOOVKRZWKDWWKHSURFHGXUHRIKDOIUHDFWLRQVLVDSSOLFDEOHDOVRIRUWKH07%
PHWKRG
$GHWDLOHGVXPPDU\RIWKHPHWKRGVFDQEHIRXQGLQWKH6XSSOHPHQWDU\
,QIRUPDWLRQ6,DQGLQWKHRULJLQDOUHIHUHQFHV7KHHOHPHQWHQHUJ\DQGHOHFWURQ
EDODQFHVGLIIHUEHWZHHQWKHPHWKRGVWKXVDEULHIRXWOLQHRIWKHPHWKRGVZLOOEHJLYHQLQ
7DEOHLQZKLFKWKHILQDOHTXDWLRQVXVHGWRFDOFXODWHWKHJURZWK\LHOGDUHVKRZQ
0LFURELDO7XUQRYHUWR%LRPDVV07%
7KH0LFURELDO7XUQRYHUWR%LRPDVV07%PHWKRGLVSUHVHQWHGLQGHWDLOLQ
7UDSSHWDO>@7KHPHWKRGLVEDVHGRQWKHZRUNRI'LHNHUW>@7KHPD[LPXP
EDFWHULDO\LHOGLVGHWHUPLQHGIURPWKHQXWULWLRQDOYDOXHRIWKHVXEVWUDWH1FRPELQHG
ZLWKWKHGHWHUPLQDWLRQRIELRDYDLODEOHHOHFWURQVIURPWKHUHDFWLRQ7KHQXWULWLRQDO
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
YDOXHLVWKHLQYHUVHRIWKH\LHOGDQGGHVFULEHVKRZPXFKVXEVWUDWHLVQHHGHGIRUWKH
JURZWKRIEDFWHULD>JVXEVWUDWHJELRPDVV@7KLVLVVXEGLYLGHGLQWRDELRPDVV
\LHOGLQJDQDEROLFDQGHQHUJ\\LHOGLQJFDWDEROLFSDUW7KHFDWDEROLF\LHOGLV
GHWHUPLQHGIURPFDOFXODWLRQRIWKH*LEEVIUHHHQHUJ\UHOHDVHGIURPWKHR[LGDWLRQRIWKH
FRPSRXQGWKHVWRUDJHRIWKLVHQHUJ\LQ$73DQGWKHEDFWHULDOJURZWK\LHOGRQ$73
 0LFUREHVFDQQRWXVHDOOHOHFWURQVWRJHQHUDWHHQHUJ\DQGWKXVWKH
FRQFHSWRIELRDYDLODEOHHOHFWURQVZDVLQWURGXFHG>@7KXVHQHUJ\DQGHOHFWURQ
EDODQFHVDUHLPSOLFLWO\FRQVLGHUHG7KHDQDEROLF\LHOGLVFDOFXODWHGIURPWKHFDUERQ
FRQWHQWLQWKHFRPSRXQGWKHFDUERQVRXUFHDQGLQWKHEDFWHULDOFHOO>@LHKRZ
PDQ\JUDPVRIFHOOFDQEHSURGXFHGIURPWKHFDUERQLQWKHFRPSRXQGRQO\FDUERQ
DYDLODELOLW\LVDVVXPHGWROLPLWJURZWK)XUWKHUGHWDLOVDQGH[DPSOHVFDQEHIRXQGLQ6,
DQG7UDSSHWDO>@

7KHUPRG\QDPLF(OHFWURQ(TXLYDOHQW0RGHO7((0
,Q3/0F&DUW\SUHVHQWHGDWKHUPRG\QDPLFPRGHOWRHVWLPDWHWKHPD[LPDO
EDFWHULDO\LHOGIURPDVLQJOHVXEVWUDWH>@7KHPHWKRGGHWHUPLQHVWKH\LHOGRQDJLYHQ
VXEVWUDWHIURPWKH*LEEVIUHHHQHUJ\UHOHDVHGLQWKHUHGR[SURFHVV6LQFHLWVLQFHSWLRQLW
KDVEHHQPRGLILHGDQGH[SDQGHG>@,WZDVUHFHQWO\PRGLILHGWREHWWHUFDSWXUHWKH
REVHUYHGORZHU\LHOGVDVVRFLDWHGZLWK&FRPSRXQGVLHPHWKDQRODQGUHDFWLRQV
LQYROYLQJR[\JHQDVHV>@,WLVEDVHGRQHOHFWURQDQGHQHUJ\EDODQFHV7KHHOHFWURQ
EDODQFHFRQVLGHUVWKDWWKHHOHFWURQVSURYLGHGE\WKHVXEVWUDWHDUHXVHGHLWKHULQWKH
V\QWKHVLVRIFHOOPDWHULDODQDEROLVPRULQHQHUJ\JHQHUDWLRQFDWDEROLVPDQGWKH
HQHUJ\EDODQFHVWDWHVWKDWWKHHQHUJ\FDSWXUHGZLWKDVSHFLILFHIILFLHQF\İE\WKH
RUJDQLVPLVXVHGIRUEDFWHULDOJURZWK7KHHQHUJ\FDSWXUHHIILFLHQF\İLVDNH\
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
SDUDPHWHUDQGLVHVWLPDWHGIURPH[SHULPHQWDOGDWD)XUWKHUGHWDLOVDQGH[DPSOHVDUH
IRXQGLQ6,DQG0F&DUW\>@DQG5LWWPDQQDQG0F&DUW\>@

([SDQGHG7KHUPRG\QDPLF7UXH<LHOG3UHGLFWLRQ0RGHO(77<0
7KH([SDQGHG7KHUPRG\QDPLF7UXH<LHOG0RGHOLVEDVHGRQWKHZRUNE\0F&DUW\DQG
ZDVSUHVHQWHGLQ>@DQGH[SDQGHGLQ>@7RLQFUHDVHWKHDFFXUDF\IRUWKH\LHOG
SUHGLFWLRQRQ&FRPSRXQGVDQGVXEVWUDWHVZLWKORZGHJUHHVRIUHGXFWLRQWKHDXWKRUV
SURSRVHGWRLQFOXGHDFDUERQDQGDQLWURJHQEDODQFHDQGDVDUHVXOWUHIRUPXODWHGWKH
HOHFWURQDQGHQHUJ\EDODQFHRULJLQDOO\SURSRVHGE\0F&DUW\7KHFDUERQEDODQFH
GHVFULEHVWKHFDUERQDVHLWKHULQYHVWHGLQFHOOV\QWKHVLVRULQWRRWKHUFDUERQDFHRXV
SURGXFWV7KHQLWURJHQEDODQFHFDQEHLJQRUHGLIQLWURJHQLVQRWOLPLWLQJ>@KHQFHWKH
\LHOGFDQEHFDOFXODWHGIURPDQHQHUJ\EDODQFHFDUERQEDODQFHDQGHOHFWURQEDODQFH
)RUIXUWKHUGHWDLOVVHH6,DQG;LDRDQG9DQ%ULHVHQ>@

7DEOH!

&RQGLWLRQVIRUFRPSDULVRQ
,QDOOFDOFXODWLRQVWKHFKHPLFDOZDVDVVXPHGWREHWKHVROHVRXUFHRIERWKHQHUJ\DQG
FDUERQ$PPRQLDZDVWDNHQDVWKHVROHQLWURJHQVRXUFHVRHOHFWURQVIRUWKHDVVLPLODWRU\
UHGXFWLRQRI12ZDVQRWFRQVLGHUHGDQGWKHFDUERQZDVDVVXPHGWREHXVHGRQO\IRU
FHOOV\QWKHVLVRUR[LGLVHGWR&2KHQFHQRRWKHUFDUERQDFHRXVSURGXFWVDUHIRUPHG
*LEEVHQHUJ\RIUHDFWLRQLVFDOFXODWHGXVLQJDFWLYLWLHVRIWKHUHDFWDQWVDQG
SURGXFWVDVVXPHGWREH0H[FHSWIRU+ZKLFKLVDVVXPHGWREH0S+7KH
*LEEVIUHHHQHUJ\RIUHDFWLRQIRUQRQVWDQGDUGFRQGLWLRQVFDQEHFDOFXODWHGDV
ȟܩ௥ᇱ ൌ ȟܩ௥௢ᇱ ൅ ܴܶ ܳ ൌ ȟܩ௥௢ᇱ ൅ ܴܶ  ൬ς ሾ௣௥௢ௗ௨௖௧ሿ೔
೛೙೔సభ
ς ሾ௥௘௔௖௧௔௡௧ሿ೔ೝ೙೔సభ
൰   
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
ZKHUH5LVWKHLGHDOJDVFRQVWDQW>-.PRO@7LVWKHDEVROXWHWHPSHUDWXUH>.@
4LVWKHUHDFWLRQTXRWLHQW>SURGXFW@DQG>UHDFWDQW@DUHWKHDFWLYLWLHVRISURGXFWVDQG
UHDFWDQWVDQGSDQGUDUHWKHLUUHVSHFWLYHVWRLFKLRPHWULFFRHIILFLHQWV)URPWKHHTXDWLRQ
LWVHOILWFDQEHVHHQWKDWZKHQ4WKHWHUPLVQHJDWLYHDQGZKHQ4!WKHWHUPLV
SRVLWLYH
)RUDHURELFJURZWK2ZDVWDNHQDVWKHWHUPLQDOHOHFWURQDFFHSWRU)RU
DQDHURELFJURZWKERWKQLWUDWHUHGXFLQJFRQGLWLRQV12DVWKHWHUPLQDOHOHFWURQ
DFFHSWRUDQGVXOSKDWHUHGXFLQJFRQGLWLRQV62DVWKHWHUPLQDOHOHFWURQDFFHSWRU
ZHUHLQYHVWLJDWHG7KHEDODQFHGKDOIUHDFWLRQVDVUHGXFWLRQVDQGWKHLUDVVRFLDWHG*LEEV
IUHHHQHUJ\RIUHDFWLRQFDQEHIRXQGLQ7DEOHUHIHUWR7DEOH66XSSOHPHQWDU\
,QIRUPDWLRQIRUVLPSOHFDUERQVXEVWUDWHV,QWKLVWDEOHWKHWKHUPRG\QDPLFIUDPHRI
UHIHUHQFHFDQDOVREHVHHQ62LVUHGXFHGWR+6DQG+612WR12WR+2&
WR&2&OLVUHOHDVHGDV+&ODQG3DV327KHS+ZDVDVVXPHGWREHDQGDQ\
FKDQJHRI*LEEVIUHHHQHUJ\GXHWRVSHFLDWLRQZDVGLVUHJDUGHG
)RU7((0WKHQXPEHURISXWDWLYHR[\JHQDVHUHDFWLRQVZDVH[SOLFLWO\WDNHQ
LQWRDFFRXQW+RZHYHUIRU(77<0WKLVZDVQRWGRQH7KLVPHDQVWKDWWKHUHVXOWV
SUHVHQWHGLQWKLVVWXG\GLIIHUIURPWKRVHSUHVHQWHGLQ>@
7RDVVHVVWKHDFFXUDF\DQGSUHFLVLRQRIWKHPRGHOSUHGLFWLRQVWKHUHODWLYHHUURU
(DQGWKHPHDQDYHUDJHDEVROXWHHUURU0$(ZHUHFDOFXODWHG

7DEOH!

6HQVLWLYLW\DQDO\VLV
Page 9 of 90
URL: http://mc.manuscriptcentral.com/sqer
SAR and QSAR in Environmental Research
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only


7RDVVHVVWKHVHQVLWLYLW\RIWKHGLIIHUHQWSDUDPHWHUVRQWKHSUHGLFWHGJURZWK\LHOGNH\
LQSXWSDUDPHWHUVZHUHYDULHGLQFOXGLQJ<$73WKHDVVXPSWLRQRIELRORJLFDOVWDQGDUGVWDWH
FRQGLWLRQVLHFKHPLFDODFWLYLWLHV*LEEVIUHHHQHUJ\RIIRUPDWLRQRIWKHFRPSRXQG
DQGWKHGHIDXOWEDFWHULDOFHOOIRUPXODDQGWKXVWKHGHJUHHRIUHGXFWLRQDQGFHOOXODU
FDUERQFRQWHQW7KHVHQVLWLYLW\DQDO\VLVZDVGRQHFKDQJLQJRQHIDFWRUDWDWLPHDQG
WKHSDUDPHWHUVHQVLWLYLW\ZDVHYDOXDWHGEDVHGRQWKHUDWLRRIFKDQJHLQRXWSXWWRWKH
FKDQJHLQLQSXW
ܵ௜ ൌ ୼௒୼௑೔    

ZKHUHǻ<LVWKHFKDQJHLQWKHREVHUYHGRXWSXWǻ;LLVWKHFKDQJHLQLQSXWLDQG6LLVWKH
VHQVLWLYLW\RIL

&KHPLFDOVRIHQYLURQPHQWDOFRQFHUQGDWD
7KLUW\RQHSHVWLFLGHVZHUHVHOHFWHGIRUWKHSUHVHQWVWXG\EHFDXVHWKH\DUHFRPPHUFLDOO\
DYDLODEOHDQGZLGHO\DSSOLHG>@DQGKDYHIDWHGDWDPLQHUDOLVDWLRQDQGIRUPDWLRQRI
QRQH[WUDFWDEOHUHVLGXHV1(5DYDLODEOHLQWKH(83HVWLFLGH'DWDEDVH>@
%DFWHULDOJURZWK\LHOGVKDYHEHHQH[SHULPHQWDOO\DVVHVVHGRQO\IRUYHU\IHZRI
WKHVHOHFWHGFRPSRXQGV:KHUHVXFKGDWDZDVDYDLODEOHLWZDVXVHGIRUFRPSDULQJWKH
SHUIRUPDQFHRIWKHSUHGLFWLRQPHWKRGV0RUHRYHULEXSURIHQDQGVRPHSRO\F\FOLF
DURPDWLFK\GURFDUERQV3$+ZHUHDOVRLQFOXGHGDVWKHEDFWHULDOJURZWK\LHOGKDVEHHQ
H[SHULPHQWDOO\GHWHUPLQHGIRUWKHVH,QWRWDOFKHPLFDOVZHUHVHOHFWHG
'XHWRWKHVFDUFLW\RIH[SHULPHQWDOO\GHWHUPLQHGEDFWHULDOJURZWK\LHOGVRQ
[HQRELRWLFVWKHPHWKRGVZHUHDOVRHYDOXDWHGXVLQJWKHJURZWK\LHOGGHWHUPLQHGIRU
VLPSOHFDUERQVXEVWUDWHVXVHGLQELRWHFKQRORJ\7KHFRPSRXQGVVHOHFWHGIRU
FRPSDULVRQDUHEDVHGRQWKHUHYLHZDQGHYDOXDWLRQPDGHE\;LDRDQG9DQ%ULHVHQ>@
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

,QIRUPDWLRQUHJDUGLQJWKH*LEEVIUHHHQHUJLHVRIIRUPDWLRQQXPEHURIFDUERQ
K\GURJHQERQGV<$73QXPEHURISXWDWLYHR[\JHQDVHUHDFWLRQVDQGGHJUHHRI
UHGXFWDQFHDUHVKRZQDORQJZLWKWKHQDPHRIWKHFRPSRXQGDQGUHIHUHQFHRI*LEEV
HQHUJ\RIIRUPDWLRQLQ7DEOHIRUVLPSOHFDUERQVXEVWUDWHVUHIHUWR7DEOH6

7DEOH!

&DOFXODWLRQRIELRJHQLFQRQH[WUDFWDEOHUHVLGXHV
&KHPLFDOVODEHOOHGZLWKFDUERQLVRWRSHV&RU&DOORZHGWKHIORZRIFDUERQ
WREHWUDFNHGLQWKHH[SHULPHQWDOV\VWHP>@,IWKHFRPSRXQGSURYLGHVFDUERQWR
DQDEROLVPDQGFHOOV\QWKHVLVWKHODEHOOHGFDUERQZLOOHQGXSLQPLFURELDOELRPDVVDQG
ILQDOO\LQWKHELRJHQLF1(5%LRJHQLF1(5LVQRWSRVLQJDULVNWRQHLWKHUWKH
HQYLURQPHQWQRUKXPDQKHDOWK>@:KHQDVXEVWUDWH6LVPLQHUDOL]HGWKHDPRXQWRI
ELRPDVVIRUPHGLV\LHOGWLPHVVXEVWUDWHܻ ൈ ܵDQGWKHHYROYHG&2LVሺͳ െ ܻሻ ൈ ܵ
>@$IWHUWKHJURZWKSKDVHKDVVWRSSHGWKHPD[LPXPUDWLREHWZHHQELRPDVVDQG&2
DQGLVWKXV
ൣ௑್೔೚೒೐೙೔೎ಿಶೃ൧
ሾ஼ைమሿ ൌ
௒ௌ
ሺଵି௒ሻௌ ൣܺ௕௜௢௚௘௡௜௖ோோ൧ ൌ
௒
ଵି௒ ሾܥܱଶሿ   
ZKHUH;ELRJHQLF1(5LVWKHELRPDVVPDNLQJXSWKHOLYLQJELRJHQLF1(5$IWHUWKHFHVVDWLRQ
RIWKHJURZWKSKDVHWKHPLFURRUJDQLVPVVWDUWWRGHFD\7KHGHDGPLFURRUJDQLVPVDUH
WXUQHGRYHULQWKHPLFURELDOIRRGFKDLQDQGIRUPQHZELRPDVV&2DQGVRLORUJDQLF
PDWWHU620>@7KHQWKHUDWLREHWZHHQELRJHQLF1(5DQG&2EHFRPHV
>@
ൣௌைெ್೔೚೒೐೙೔೎ಿಶೃ൧
ሾ஼ைమሿ ൌ
௙ൈ௒
ሺଵି௒ሻାሺଵି௙ሻൈ௒ ൣܱܵܯ௕௜௢௚௘௡௜௖ோோ൧ ൌ
௙ൈ௒
ሺଵି௒ሻାሺଵି௙ሻൈ௒ ሾܥܱଶሿ 
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
ZKHUH620ELRJHQLF1(5LVWKHQRQOLYLQJELRJHQLF1(5ILVWKHIUDFWLRQRIGHFD\LQJ
ELRPDVVWXUQHGRYHULQWRERWKOLYLQJELRPDVVDQGQRQOLYLQJ620>@DQGILV
WKHIUDFWLRQRIODEHOUHOHDVHGDV&2(TFDQEHXVHGWRHVWLPDWH1(5IRUPDWLRQ
GXULQJVKRUWWHUPH[SHULPHQWVZKHUHDV(TKROGVIRUORQJWHUPH[SHULPHQWV,WFDQ
EHVHHQWKDWDKLJKPLQHUDOL]DWLRQDQG&2IRUPDWLRQWRJHWKHUZLWKDKLJKEDFWHULDO
JURZWK\LHOGOHDGVWRDKLJKIRUPDWLRQRIELRJHQLF1(5
5HVXOWV
&RPSDULVRQRISUHGLFWHGEDFWHULDOJURZWK\LHOGV
3HVWLFLGHVDQGFKHPLFDOVRIHQYLURQPHQWDOFRQFHUQ
,Q7DEOHWKHSUHGLFWHGEDFWHULDOJURZWK\LHOGVXQGHUDHURELFFRQGLWLRQVDUHVKRZQDQG
FRPSDUHGWRH[SHULPHQWDOO\GHWHUPLQHGJURZWK\LHOGV,Q7DEOHWKHSUHGLFWHGJURZWK
\LHOGVXQGHUDQDHURELFFRQGLWLRQVDUHVKRZQ

$HURELFFRQGLWLRQV:LWKR[\JHQDVWKHWHUPLQDOHOHFWURQDFFHSWRURQO\FKORURWKDORQLO
ZDVSUHGLFWHGWRKDYHDEDFWHULDOJURZWK\LHOGRI]HURDQGRQO\E\WKH07%PHWKRG
7KHUHDVRQEHLQJWKHDEVHQFHRIFDUERQK\GURJHQERQGV$OORWKHUFRPSRXQGVH[FHSW
S\UHQHZHUHSUHGLFWHGWRKDYHDEDFWHULDOJURZWK\LHOGRI!JFHOOFDUERQJVXEVWUDWH
FDUERQE\DOOPHWKRGV7KH\LHOGSUHGLFWLRQVIURP(77<0ZHUHKLJKHUWKDQIRU
7((0ZKLFKLQWXUQZHUHKLJKHUWKDQWKHSUHGLFWLRQVE\07%H[FHSWIRU17$
ZKHUH7((0DGMXVWVIRUHQHUJ\ORVWGXHWRRQHR[\JHQDVHUHDFWLRQ([SHULPHQWDO
\LHOGVZHUHIRXQGIRURIWKHFRPSRXQGVVHOHFWHG7KHPHDQDEVROXWHHUURUZDV
IRXQGWREHIRU07%IRU7((0DQGIRU(77<07DEOH
0RUHRYHUDVWURQJSRVLWLYHDQGKLJKO\VLJQLILFDQWSOLQHDUFRUUHODWLRQEHWZHHQ
GHJUHHRIUHGXFWDQFHDQGSUHGLFWHG\LHOGZDVIRXQGIRU(77<0< ȖV
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
5 $ZHDNHUEXWVWLOOKLJKO\VLJQLILFDQWSFRUUHODWLRQZDVIRXQGIRU
7((0< ȖV5 DQGDVLJQLILFDQWSEXWUDWKHUZHDN
FRUUHODWLRQZDVIRXQGIRU07%5 
 )RU'DQGFDUERIXUDQ07%SUHGLFWHGWKH\LHOGVZLWKDQDEVROXWHHUURURI
DQGUHVSHFWLYHO\ZKHUHDV7((0RYHUHVWLPDWHGWKHPE\DQG
UHVSHFWLYHO\DQG(77<0RYHUHVWLPDWHGE\DQGUHVSHFWLYHO\)RUJO\SKRVDWH
DQGDQWKUDFHQHWKHSUHGLFWHGJURZWK\LHOGVE\DOOWKUHHPHWKRGVGHYLDWHJUHDWO\IURP
WKHREVHUYHGYDOXHPRUHWKDQRYHUHVWLPDWLRQ
 
$QDHURELFFRQGLWLRQV:LWKQLWUDWHDVWKHHOHFWURQDFFHSWRUWKHSUHGLFWHG\LHOGV
GHFUHDVHIRUDOOPHWKRGV7DEOH$OOFKHPLFDOVDUHSUHGLFWHGWREH
GHJUDGDEOHXQGHUQLWUDWHUHGXFLQJFRQGLWLRQVZKHQFRQVLGHULQJWKHLUHQHUJ\DQGFDUERQ
FRQWHQWWKHRQO\H[FHSWLRQVWLOOEHLQJFKORURWKDORQLOIRU07%7KHOLQHDUFRUUHODWLRQ
EHWZHHQ\LHOGDQGGHJUHHRIUHGXFWLRQZDVVLPLODUWRWKHDHURELFFDVH$JDLQ(77<0
SUHGLFWLRQVZHUHKLJKHUWKDQ7((0SUHGLFWLRQVZKLFKLQWXUQDUHKLJKHUWKDQWKH
07%SUHGLFWLRQV
:LWKVXOSKDWHDVWKHWHUPLQDOHOHFWURQDFFHSWRUWKHSUHGLFWHG\LHOGVGHFUHDVH
IRU07%IRU7((0DQGIRU(77<0FRPSDUHGWRWKH
\LHOGVIRXQGXQGHUDHURELFFRQGLWLRQV7DEOH)RUERWKDHURELFDQGQLWUDWHUHGXFLQJ
FRQGLWLRQVWKHUDQNLQJRIWKHHVWLPDWHG\LHOGVZDVFORVH8QGHUVXOSKDWHUHGXFLQJ
FRQGLWLRQVWKLVZDVQRWWKHFDVH,QIDFW7((0SUHGLFWHGQHJDWLYH\LHOGVIRUEHQ]HQH
EHQ]RDWHDQG('7$KLJKOLJKWHGLQEROGZKLOHWKH\ZHUHSRVLWLYHDOEHLWORZIRU
(77<0DQG07%07%SUHGLFWHGFKHPLFDOVWRKDYHD\LHOGRIJFHOOFDUERQ
JVXEVWUDWHFDUERQZKLOHWHQZHUHSUHGLFWHGXVLQJ7((0DQGRQO\IRXUXVLQJ
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
(77<01ROLQHDUFRUUHODWLRQEHWZHHQWKHSUHGLFWHG\LHOGDQGWKHGHJUHHRIUHGXFWDQFH
FRXOGEHIRXQGIRUDQ\RIWKHPHWKRGV
7KHODFNRIH[SHULPHQWDOREVHUYDWLRQVXQGHUDPXOWLWXGHRIUHGR[FRQGLWLRQV
PDNHVDVVHVVPHQWRIWKHSUHGLFWLRQDFFXUDF\XQDFKLHYDEOH

6LPSOH DUERQVXEVWUDWHV
0RUHH[SHULPHQWDOGDWDDUHDYDLODEOHIRUVLPSOHFDUERQVXEVWUDWHVDQGWKHUHVXOWRIWKH
JURZWK\LHOGSUHGLFWLRQVDUHVKRZQLQ7DEOH7KHORZHVW0$(EHWZHHQH[SHULPHQWDO
DQGSUHGLFWHGJURZWK\LHOGZDVREVHUYHGIRU7((00$( 07%VKRZHGWKH
KLJKHVW0$(RI,WVKRXOGEHQRWHGWKDWZKLOH7((0WRRNHQHUJ\ORVVHVGXHWR
R[\JHQDVHUHDFWLRQVLQWRDFFRXQWWKHLPSOHPHQWHG(77<0PHWKRGGLGQRW
6XEVHTXHQWO\WKHZRUNSUHVHQWHGLQ>@UHVXOWHGLQDQHYHQORZHU0$(ZKHQERWKWKH
S+DQGUHODWHGVSHFLDWLRQDQGR[\JHQDVHUHDFWLRQVZHUHWDNHQLQWRDFFRXQW
 $OOWKUHHPHWKRGVSUHGLFWR[DODWHWRKDYHWKHORZHVW\LHOG$GGLWLRQDOO\WKH
7((0DQG(77<0SUHGLFWLRQVVKRZHGVLPLODUUDQNLQJRIWKHFKHPLFDOV
*HQHUDOO\WKHKLJKHVWGHYLDWLRQVIURPWKHH[SHULPHQWDO\LHOGVZHUHVLPLODUIRU
DOOPHWKRGV)RU07%WKHVHZHUHIRUPDWHR[DODWHDQGJO\FLQHIRU7((0WKHVH
ZHUHR[DODWHJO\FLQHDQGIRUPDWHDQGIRU(77<0WKHVHZHUHR[DODWHSKHQRODQG
IRUPDWH
([FOXGLQJR[DODWHIRUPDWHDQGJO\FLQHIURPWKHUHVXOWVDOOWKUHHPHWKRGV
SUHGLFWHGWKHH[SHULPHQWDOJURZWK\LHOGZLWKD0$(EHORZZLWK7((0VWLOO
JLYLQJWKHORZHVW0$(7KHVHWKUHHFRPSRXQGVDOOKDYHDGHJUHHRIUHGXFWDQFH
EHORZWKDWRIWKHDVVXPHGFHOOIRUPXODIRUHLWKHUPHWKRG

7DEOH!
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
7DEOH!

7DEOH!

6HQVLWLYLW\$QDO\VLV
7KHFDOFXODWHGDYHUDJHVHQVLWLYLW\ పܵഥ WRZDUGVWKHYDULHGSDUDPHWHUVFDQEHIRXQGLQ
7DEOH

<$73
$OOPHWKRGVDUHUHODWLYHO\VHQVLWLYHWRFKDQJHVLQ<$73HVSHFLDOO\07%<$73LVDQ
XQFHUWDLQSDUDPHWHUEHFDXVHQRVXFKYDOXHVKDYHHYHUEHHQGHWHUPLQHGZLWKSHVWLFLGHV
RURWKHU[HQRELRWLFVDVVXEVWUDWH7KHFKRVHQGHIDXOWYDOXHIRU[HQRELRWLFVRIJFHOO
GZPRO$73>@IRUPHWKDQROXVHGLQWKH07%PHWKRGGRHVQRWOHDGWRODUJH
HUURUVFI7DEOH

*LEEVIUHHHQHUJ\RIIRUPDWLRQǻ*I¶
,Iȟ*I¶LVSRVLWLYHHJEHQ]HQHWKHQDQLQFUHDVHLQWKLVYDOXHZRXOGOHDGWRDQ
LQFUHDVHLQWKHSUHGLFWHG\LHOG&RQYHUVHO\DQHJDWLYHȟ*I¶ZKLFKLVPDGHPRUH
QHJDWLYHOHDGVWRDGHFUHDVHLQWKHSUHGLFWHG\LHOGHJ('7$$OOWKUHHPHWKRGVVKRZ
DORZVHQVLWLYLW\WRZDUGVFKDQJHVRIWKH*LEEVHQHUJ\RIWKHVXEVWUDWH పܵഥ:KLOH
7((0DQG(77<0DOVRERWKKDYHORZ పܵഥ YDOXHVIRUFKDQJHVLQȟ*I¶WKHVWDQGDUG
GHYLDWLRQLVKLJK<LHOGHVWLPDWHVIRUFKHPLFDOVZLWKIHZFDUERQDWRPVDQGWKXVORZ
IRUPDWLRQRI&2DQGKLJKQHJDWLYHȟ*I¶HJJO\SKRVDWHDUHHVSHFLDOO\VHQVLWLYHWR
FKDQJHV
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
6WDQGDUGVWDWHFRQGLWLRQV
7KHGHYLDWLRQIURPVWDQGDUGVWDWHFRQGLWLRQVZDVIRXQGWRKDYHRQO\DYHU\VPDOOHIIHFW
RQWKHSUHGLFWHG\LHOGV7KHUHODWLRQEHWZHHQ57OQ4DQGǻ*U¶LQ(TLVORJDULWKPLF
6HWWLQJǻ*U¶WR]HURVKRZVWKDWYDU\LQJ4IURPWROHDGVWRDFKDQJHLQ*LEEV
IUHHHQHUJ\RIRQO\N-PRODWVWDQGDUGSUHVVXUHDQGWHPSHUDWXUH

&HOOIRUPXOD
:KLOHDOOPHWKRGVDUHVHQVLWLYHWRWKHFHOOIRUPXODXVHG7DEOH07%LVWKHPHWKRG
OHDVWDIIHFWHG7KHHIIHFWRIWKHFHOOIRUPXODLQ7((0DQG(77<0LVQRWRQO\RQWKH
HQHUJ\FRVWVUHODWHGWRV\QWKHVLV>@EXWDOVRRQWKHFRQYHUVLRQWRJFHOOFDUERQJ
VXEVWUDWHFDUERQLQ7((07KLVLVGXHWRWKHGHJUHHRIUHGXFWLRQRIWKHFHOOȖVXVHG
LQFRQYHUWLQJWKHXQLWV)RU07%WKHSUHGLFWHG\LHOGLVRQO\DIIHFWHGE\FKDQJHVLQWKH
DVVXPHGFHOOXODUFDUERQFRQWHQWı&)RU07%DKLJKHUFDUERQFRQWHQWSHUPDVVRI
FHOOOHDGVWRDKLJKHU\LHOGLQJFHOOFDUERQJVXEVWUDWHFDUERQEXWORZHU\LHOGLQJUDP
EDFWHULDJUDPVXEVWUDWH)LJXUH6

3UHGLFWLRQRIELRJHQLF1(5IRUPDWLRQEDVHGRQWKHSUHGLFWHGJURZWK\LHOGV
7KHJURZWK\LHOGVSUHGLFWHGZLWKWKH07%PHWKRGZHUHXVHGWRHVWLPDWHWKHELRJHQLF
1(5IRUPDWLRQIURPWKH&2SURGXFHGGXULQJGHJUDGDWLRQH[SHULPHQWV7DEOH7KH
IRUPDWLRQRIELRJHQLF1(5ZDVSUHGLFWHGWRPDNHXSDFRQVLGHUDEOHIUDFWLRQRIWKH
H[SHULPHQWDOO\GHWHUPLQHG1(5IRUPRVWRIWKHFKHPLFDOV([FHSWIRURQHFRPSRXQG
JO\SKRVDWHFDXVHGE\WKHSURGXFWLRQRIWKHPHWDEROLWHDPLQRPHWK\OSKRVSKRQLFDFLG
$03$WKHSUHGLFWHGELRJHQLF1(5ZDVVPDOOHUWKDQWKHPHDVXUHGWRWDO1(5)RU
GDPLQR]LGHDOPRVWDOORIWKHIRUPHG1(5LVVXJJHVWHGWREHPDGHXSRIELRJHQLF1(5
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)RU0&3$DQG0&3%DSSUR[LPDWHO\RIWKH1(5LVELRJHQLF)RU
ELIHQ]DWHLSURGLRQHSHQGLPHWKDOLQSKHQPHGLSKDPDQGS\PHWUR]LQHWKHELRJHQLF
1(5LVVXJJHVWHGWRPDNHXSOHVVWKDQRIWKHIRUPHG1(57KLVWKHQVXJJHVWVWKDW
IRUWKHVHFKHPLFDOVW\SH,DQG,,1(5PDNHXSWKHPDMRULW\RIWKHIRUPHG1(5
7KHH[SHULPHQWDOSHULRGIRULEXSURIHQDQG'GD\V>@DQG
JO\SKRVDWHDQGPHWDPLWURQGD\V>@ZDVVKRUWHUWKDQWKHH[SHULPHQWV
UHSRUWHGLQ>@(TZKLFKFDOFXODWHVOLYLQJELRPDVV;DVELRJHQLF1(5ZDV
DGGLWLRQDOO\XVHGWRLQWHUSUHWWKHVHH[SHULPHQWV,QWKHVHIRXUVWXGLHVWKHFDUERQODEHO
IRXQGLQDPLQRDFLGVZDVUHSRUWHG)RUOLYLQJPLFUREHVDERXWKDOIRIWKHFDUERQLVLQ
SURWHLQV7KLVIUDFWLRQLQFUHDVHVGXULQJGHFD\DQGWXUQRYHURIPLFURELDOELRPDVV
EHFDXVHSURWHLQVDUHWKHPRVWVWDEOHIUDFWLRQRIWKHFHOOV>@([FHSWIRU
JO\SKRVDWHWKHPHDVXUHGODEHOLQDPLQRDFLGVLVZLWKLQWKHUDQJHRIELRJHQLF1(5
SUHGLFWHGE\(TVDQGDQGWKHPHDVXUHGWRWDO1(5LVJUHDWHU
7DEOH!

'LVFXVVLRQ
&RPSDULVRQRISUHGLFWHGEDFWHULDOJURZWK\LHOGV
)RUWKHSHVWLFLGHVDQGFKHPLFDOVRIHQYLURQPHQWDOFRQFHUQWKHODFNRIH[SHULPHQWDO
GDWDIRUWKHEDFWHULDOJURZWK\LHOGXQGHUGLIIHUHQWUHGR[FRQGLWLRQVPDGHLWGLIILFXOWWR
DVVHVVWKHHUURUDVVRFLDWHGZLWKWKHSUHGLFWHGJURZWK\LHOGV2QO\\LHOGYDOXHVFRXOG
EHXVHGLQWKHFRPSDULVRQZLWKVRPHRIWKHPXVHGHDUOLHULQ>@$OWKRXJK07%
SHUIRUPVEHWWHUWKDQ7((0DQG(77<0WKH0$(ZDVVWLOOIRXQGWREHa
7KHEDFWHULDOJURZWK\LHOGHVWLPDWLRQPHWKRGVDUHDOOGHYHORSHGWRSUHGLFWWKH
WUXH\LHOGDWRSWLPDOJURZWKFRQGLWLRQVIRUPLFURRUJDQLVPV7KHREVHUYHGYDOXHLV
W\SLFDOO\DQHW\LHOGDFFRXQWLQJRQO\IRUWKHIRUPDWLRQRIQHZFHOOPDVVDQGUHPRYDORI
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
WKHSDUHQWFRPSRXQG>@7KHGLIIHUHQFHEHWZHHQWKHWZRLVWKDWIRUWKH
REVHUYHG\LHOGHQHUJ\DQGFDUERQH[SHQGLWXUHGXHWRQRQJURZWKSXUSRVHVDUHQRW
FDSWXUHGHJHQHUJ\VSHQWRQPDLQWHQDQFHIRUPDWLRQRIPHWDEROLWHVRUVROXEOH
PLFURELDOSURGXFWVDQGH[WUDFHOOXODUSRO\PHULFVXEVWDQFHVXQOHVVDG\QDPLFPRGHO
ZDVXVHGIRUILW+HQFHWKHREVHUYHG\LHOGLVW\SLFDOO\ORZHUWKDQWKHWUXH\LHOG
$GGLWLRQDOO\WKHSUHGLFWLRQPHWKRGVDVVXPHDFRPSOHWHGHJUDGDWLRQRIWKHFRPSRXQG
,IKDUGO\GHJUDGDEOHRULQVROXEOHPHWDEROLWHVDUHIRUPHGDQGUHQGHUHGQRWELRDYDLODEOH
DV1(5,RU,,WKHREVHUYHG\LHOGZLOOEHORZHUWKDQWKHSUHGLFWHGWUXH\LHOG
&RPSRXQGVZKLFKKDYHDNQRZQWR[LFHIIHFWHJSKHQROLFFRPSRXQGV>@FDQDOVR
UHVXOWLQDKLJKHUDPRXQWRIHQHUJ\EHLQJVSHQWRQPDLQWHQDQFHOHDGLQJWRDQREVHUYHG
\LHOGORZHUWKDQWKHSUHGLFWHGWUXH\LHOG
7KHEDFWHULDO\LHOGVIRUDQWKUDFHQHDQGJO\SKRVDWHDUHE\DOOPHWKRGV
RYHUHVWLPDWHGE\!$QWKUDFHQHLVUHDGLO\DGVRUEHGDQGLVVFDUFHO\VROXEOHLQ
ZDWHU>@,QWKHH[SHULPHQWVZLWKJO\SKRVDWH>@WKHLQWHUPHGLDWH$03$
DFFXPXODWHGUHVXOWLQJLQDQREVHUYHG\LHOGPXFKWKDWZDVORZHUWKDQWKHSUHGLFWHG
\LHOG7DEOH,IWKHVHWZRDUHUHPRYHGIURPWKHFDOFXODWLRQVWKH0$(LVUHGXFHGWR
IRU07%IRU7((0DQGIRU(77<0
7KHSUHVHQFHRIRWKHUVRXUFHVRIFDUERQRUHQHUJ\PL[HGVXEVWUDWHXVHDOVR
DGGVXQFHUWDLQW\WRWKHREVHUYHGYDOXH,QWHUHVWLQJO\LQWKHH[SHULPHQWVZLWK'DQG
FDUERIXUDQ>@JUHDWFDUHZDVWDNHQLQWKHH[SHULPHQWDOVHWXSWRPLQLPLVH
FRQIRXQGLQJIDFWRUVGXHWRRWKHUFDUERQVRXUFHVDQGKHUHWKH07%SUHGLFWHG\LHOGVDUH
YHU\FORVHWRWKHH[SHULPHQWDOO\GHWHUPLQHGYDOXHV
7KHREVHUYHGGLIIHUHQFHVPLJKWDOVREHDWWULEXWHGWRWKHLUKLJKK\GURSKRELFLW\
DQGOLPLWHGELRDYDLODELOLW\>@ZKLFKPHDQVWKDWWUXO\GLVVROYHGFRQFHQWUDWLRQV
DUHORZ8QGHUWKHVHFRQGLWLRQVPLFUREHVXVHPRVWRIWKHJURZWKVXEVWUDWHMXVWIRU
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
PDLQWHQDQFH>@'HVSLWHWKHH[SOLFLWFRQVLGHUDWLRQRIHQHUJ\ORVVHVUHODWHGWR
SXWDWLYHR[\JHQDVHUHDFWLRQVIRU3$+VLQ7((0LWVHUURUVZHUHKLJKHUWKDQIRU
07%+HOEOLQJHWDO>@VXFFHVVIXOO\PDWFKHGWKHSUHGLFWHGEDFWHULDO\LHOGZLWKWKH
PHDVXUHGEDFWHULDO\LHOGRQFDUERIXUDQE\WDNLQJR[\JHQDVHUHDFWLRQVLQWRDFFRXQWDV
VXJJHVWHGLQ>@
8QGHUVXOSKDWHUHGXFLQJFRQGLWLRQVWKHSUHGLFWHGEDFWHULDO\LHOGVZHUHPXFK
ORZHUWKDQWKHSUHGLFWHG\LHOGVXQGHUDHURELFFRQGLWLRQVZKLFKFDQEHH[SHFWHG
FRQVLGHULQJWKHORZHUHQHUJ\DVVRFLDWHGZLWKWKHUHGXFWLRQRIVXOSKDWHLQFRPSDULVRQWR
R[\JHQUHGXFWLRQ$QLQWHUHVWLQJREVHUYDWLRQZDVWKDWWKHGHFUHDVHLQ\LHOGLVVLPLODU
DFURVVDOOWKUHHPHWKRGV7KLVVKRZVWKDWWKHKDOIUHDFWLRQDSSURDFKXVLQJYDULRXV
HOHFWURQDFFHSWRUVXVHGLQ(77<0DQG7((0FDQDOVREHXVHGZLWK07%ZKLFKKDV
QRWEHHQVKRZQEHIRUH
8QGHUDQDHURELFFRQGLWLRQVWKHHQHUJ\UHOHDVHGIURPWKHPDMRULW\RIUHGR[
UHDFWLRQVPLJKWQRWEHVXIILFLHQWWRIXHOEDFWHULDOJURZWK7KLVVXJJHVWVWKDWWKHUHZRXOG
QRWEHDQHYROXWLRQDU\LQFHQWLYHWRGHYHORSPHWDEROLFSDWKZD\VIRUDQDHURELF
GHJUDGDWLRQZKHUHWKHFKHPLFDOLVWKHHOHFWURQGRQRUXQOHVVWKHFKHPLFDOFDQSURYLGH
RWKHUPDFURRUPLFURQXWULHQWVHJQLWURJHQDQGFDUERQ)RUDOOPHWKRGVWKHSUHGLFWHG
JURZWK\LHOGLVVRVPDOOWKDWWKHUHLVQRUHODWLRQVKLSEHWZHHQGHJUHHRIUHGXFWDQFHDQG
EDFWHULDOJURZWK\LHOG
)RUWKHVLPSOHFDUERQVXEVWUDWHVERWK7((0DQG(77<0SHUIRUPEHWWHUWKDQ
07%ORZHU0$(+RZHYHURQHKDVWRFRQVLGHUWKHIDFWWKDWWKHHIILFLHQF\SDUDPHWHU
LQWKH7((0PHWKRGZDVFDOLEUDWHGWRWKHGDWDLQRUGHUWRSURGXFH\LHOGHVWLPDWHV
FORVHWRH[SHULPHQWDOO\GHWHUPLQHGJURZWK\LHOGV>@DQGH[SHULPHQWDO\LHOGVZHUH
FRQYHUWHGWRJFHOOFDUERQJVXEVWUDWHFDUERQXVLQJWKHFHOOIRUPXOD&+21
SURSRVHGIRUWKH(77<0PHWKRG>@
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
:KLOH(77<0DQG7((0ERWKRYHUHVWLPDWHGWKH\LHOGIRUR[DODWH07%
HVWLPDWHGLWDV]HURGXHWRWKHDEVHQFHRI&+ERQGVZKLFKSRLQWVWRWKHQHHGIRUD
PRGHOPRGLILFDWLRQDVEDFWHULDDUHDEOHWRJURZRQWKLVVXEVWUDWH
 
6HQVLWLYLW\DQDO\VLV
$OOWKHPHWKRGVZHUHVKRZQWREHVHQVLWLYHWRWKHFKRLFHRIFHOOIRUPXODEXWH[KLELWHG
ORZVHQVLWLYLW\WRYDULDWLRQVRIWKHIRUPDWLRQHQHUJ\ȟ*I¶RIWKHFKHPLFDORILQWHUHVW
$OOPHWKRGVDUHEDVHGRQWKH*LEEVHQHUJ\RIUHDFWLRQDQGNQRZOHGJHRIWKH*LEEV
HQHUJ\RIIRUPDWLRQRIWKHFKHPLFDORILQWHUHVWLVQHHGHG,IWKHYDOXHKDVQRWEHHQ
GHWHUPLQHGH[SHULPHQWDOO\HJ>@LWFDQEHHVWLPDWHGXVLQJJURXSFRQWULEXWLRQ
PHWKRGV>@PHWKRG>@LVLPSOHPHQWHGLQWKHIUHHO\DYDLODEOH&KHP3URS>@
RUE\FRPSRQHQWFRQWULEXWLRQPHWKRGV>@LPSOHPHQWHGLQWKHIUHHDFFHVVLEOH
GDWDEDVHH4XLOLEUDWRU>@RUFDOFXODWHGXVLQJTXDQWXPPHFKDQLFV>@)RU
[HQRELRWLFVWKHDSSOLFDELOLW\RIWKHVHHVWLPDWLRQPHWKRGVPD\EHOLPLWHG
&RQVHTXHQWO\ZHDOVRWHVWHGWKHVHQVLWLYLW\RI*LEEVHQHUJ\RIIRUPDWLRQRIWKH
[HQRELRWLFVXEVWUDWHE\VHWWLQJWKLVYDOXHWRN-PRO7DEOH67KH07%PHWKRGKDV
VXUSULVLQJO\ORZVHQVLWLYLW\&RPSRXQGVKDYLQJDODUJHQHJDWLYH*LEEVHQHUJ\RI
IRUPDWLRQHJ17$('7$DQGJO\SKRVDWHDQGIHZFDUERQK\GURJHQERQGV
DQGUHVSHFWLYHO\VKRZDPD[LPXPGHYLDWLRQRIDURXQGIURPWKHSUHGLFWLRQV
GRQHZLWKFRUUHFW*LEEVHQHUJ\RIIRUPDWLRQ2YHUDOOWKHDYHUDJHGHYLDWLRQLVRQO\
,QFRPSDULVRQ7((0DQG(77<0KDYHFRQVLGHUDEO\KLJKHUDYHUDJHGHYLDWLRQ
DQGUHVSHFWLYHO\
:KLOHGHYLDWLRQIURPWKHVWDQGDUGVWDWHFRQGLWLRQVPLJKWEHQHHGHGWRUHQGHUD
UHDFWLRQVWHSWKHUPRG\QDPLFDOO\IHDVLEOH>@WKHHIIHFWRQWKHRYHUDOO\LHOGSUHGLFWLRQ
ZRXOGRQO\EHVHHQIRUUHDFWLRQVZKHUHWKH*LEEVIUHHHQHUJ\RIUHDFWLRQLVORZHLWKHU
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
GXHWRWKHORZHQHUJ\DVVRFLDWHGZLWKWKHR[LGDWLRQRIVXEVWUDWHHJIRUPDWHRU
IRUPDOGHK\GHRUWKHORZHQHUJ\DVVRFLDWHGZLWKWKHUHGXFWLRQRIWKHHOHFWURQDFFHSWRU
HJ627KLVPHDQVWKDWWKHWUXHFRQFHQWUDWLRQVRUDFWLYLWLHVGXULQJWKHUHDFWLRQFDQ
EHQHJOHFWHGZLWKRXWVLJQLILFDQWHUURU
7KHHIIHFWRIS+RQ*LEEVHQHUJ\RIUHDFWLRQZDVQRWLQYHVWLJDWHGLQWKLVVWXG\
DVWKLVZDVUHFHQWO\GRQHLQ>@$WS+WDNLQJWKHGLVWULEXWLRQRIWKHLQRUJDQLF
FDUERQVSHFLHVLQWRDFFRXQWRQO\FKDQJHGWKHSUHGLFWHG\LHOGDSSUR[LPDWHO\
+RZHYHUVSHFLDWLRQRIWKHVXEVWUDWHDOVRKDVDQHIIHFWRQLWV*LEEVHQHUJ\RIIRUPDWLRQ
6LPLODUO\WKHVHQVLWLYLW\RIWKHHQHUJ\FDSWXUHHIILFLHQF\SDUDPHWHUİRUYDULDWLRQV
WKHUHRIKDVEHHQDVVHVVHGHOVHZKHUH>@

3UHGLFWLRQRIELRJHQLF1(5IRUPDWLRQDQGLPSOLFDWLRQIRUGHJUDGDWLRQLQWKH
HQYLURQPHQW
7KHH[SHULPHQWVFLWHGIURP>@LQ7DEOHZHUHUXQIRUPRUHWKDQGD\V7KHSHDN
LQOLYLQJELRPDVVLVXVXDOO\DIWHUDIHZGD\VWRZHHNV>@DQGWKHUHIRUHZHH[SHFW
WKDW(T620ELRJHQLF1(5LVPRUHDSSURSULDWHIRUWKHVHH[SHULPHQWVWKDQ(T
;ELRJHQLF1(5DVWKHPDMRULW\RIWKHOLYLQJELRPDVVKDVGHFD\HGDQGEHHQLQFRUSRUDWHG
LQWR620DIWHUGD\V5HVXOWVREWDLQHGE\(TDUHVPDOOHUWKDQWKHPHDVXUHG
1(5ZKLFKFRQILUPVWKHUHVXOWVRIWKLVHTXDWLRQ7KHRQO\H[FHSWLRQLVJO\SKRVDWH)RU
GDPLQR]LGHWKHFKHPLFDOZLWKWKHKLJKHVWSUHGLFWHG\LHOGWKHFDOFXODWHGELRJHQLF1(5
DQGPHDVXUHG1(5DUHDOPRVWHTXDO
7KHH[DPLQDWLRQRI7DEOHJLYHVQRVLJQLILFDQWFRUUHODWLRQEHWZHHQPHDVXUHG
WRWDO1(5DQGSUHGLFWHG;ELRJHQLF1(5RU620ELRJHQLF1(56XFKDFRUUHODWLRQVKRXOGQRWEH
H[SHFWHGVLQFHWKHSURFHVVHVOHDGLQJWR1(5,,,DQG,,,DUHFRPSHWLQJ,IDSHVWLFLGHLV
QRWGHJUDGHGLWFDQXQGHUJRDJLQJDQGLUUHYHUVLEOHVRUSWLRQW\SH,1(5DQGFRYDOHQW
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
ELQGLQJRIWKHSDUHQWFRPSRXQGRULWVPHWDEROLWHVW\SH,,1(5>@7KHHVWLPDWLRQRI
WKHYDULRXVIUDFWLRQVRI1(5FDQEHUHEXLOWLQDG\QDPLFVLPXODWLRQPRGHO:H
VXJJHVWHGVXFKDPRGHOLQ>@DQGXVHGLWVXFFHVVIXOO\IRUWKHSUHGLFWLRQRIWKH1(5
IRUPDWLRQIURP'DQGLEXSURIHQZLWKSUHHVWLPDWHG\LHOGGDWD>@
7KHGDWDFRPSLOHGE\>@JLYHQRKLQWVLQWRZKLFKIRUPWKH1(5DUHSUHVHQW
DQGWKXVFDQQRWVHUYHWRYDOLGDWHWKHHVWLPDWLRQHTXDWLRQ+RZHYHULWLVOLNHO\WKDWKLJK
WUXH\LHOGVDUHFRQQHFWHGWRKLJKH[SHULPHQWDO\LHOGVZKLFKVWLPXODWHEDFWHULDOJURZWK
DQGWKXVPLFURELDOGHJUDGDWLRQ2IFRXUVHWKHHQ]\PDWLFSDWKZD\VWRIDFLOLWDWHWKH
GHJUDGDWLRQDQGHQHUJ\H[SORLWDWLRQRIWKHPROHFXOHDOVRQHHGWREHSUHVHQW
,QGHJUDGDWLRQH[SHULPHQWVZLWKPHWDPLWURQ>@JO\SKRVDWH>@LEXSURIHQ
>@DQG'>@WKHIRUPDWLRQRIELRJHQLF1(5ZDVLQYHVWLJDWHGE\
WUDFNLQJWKHGLVWULEXWLRQRIVWDEOHFDUERQRUQLWURJHQLVRWRSH&RU1LQ&2DPLQR
DFLGVIDWW\DFLGVPHWDEROLWHVDQGSDUHQWFRPSRXQGV([SHULPHQWVRIWKLVNLQGDUHYHU\
KHOSIXOWRGLVFULPLQDWHEHWZHHQWKHYDULRXVW\SHVRI1(5DQGWRYDOLGDWHRXUELRJHQLF
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ƚŚĂŶƚŚĞƌŵŽĚǇŶĂŵŝĐƐĂƌĞŵŽƌĞŝŵƉŽƌƚĂŶƚŝŶŵŽĚƵůĂƚŝŶŐĚĞŐƌĂĚĂƚŝŽŶĂŶĚďŽƵŶĚƌĞƐŝĚƵĞĨŽƌŵĂƚŝŽŶ͘/ƚŝƐ
ĞƐƉĞĐŝĂůůǇƐƵƌƉƌŝƐŝŶŐŝŶƚŚŝƐƌĞƐƉĞĐƚƚŽƐĞĞƚŚĂƚĂƚƚŚĞĞŶĚ͕ƐĞƚƚŝŶŐĂĚĞĨĂƵůƚǀĂůƵĞƚŽƚŚĞ'ŝďďƐĨƌĞĞŶĞŶĞƌŐǇ
ŽĨĨŽƌŵĂƚŝŽŶŝƐĐŽŶĐůƵĚĞĚƚŽďĞĂƐƵŝƚĞĚĂƉƉƌŽĂĐŚĂƐƚŚĞĨŝŶĂůƌĞƐƵůƚƐĂƌĞŝŶĚĞƉĞŶĚĞŶƚŽĨƚŚŝƐƉĂƌĂŵĞƚĞƌ͘/Ŷ
ĂĚĚŝƚŝŽŶƚŽƚŚŝƐŬĞǇŝƐƐƵĞ͕ƚŚĞƌĞŝƐƚŚĞƉƌŽďůĞŵŽĨƚŚĞƵŶĚĞƌůǇŝŶŐĐŽŶĐĞƉƚƵĂůŵĂŶƵƐĐƌŝƉƚƐƚŝůůďĞŝŶŐƵŶĚĞƌ
ƌĞǀŝĞǁ͘dŚƵƐ͕ƚŚĞƌĞŝƐĐƵƌƌĞŶƚůǇŶŽƌĞĂůďĂƐŝƐĨŽƌƚŚĞŬĞǇŵŽĚĞůƵƐĞĚŝŶƚŚŝƐĐŽŶƚƌŝďƵƚŝŽŶ͘

tĞƚŚĂŶŬƚŚĞƌĞǀŝĞǁĞƌĨŽƌƚŚĞĐŽŵŵĞŶƚ͘tĞĚŽĂŐƌĞĞǁŝƚŚƚŚĞƌĞǀŝĞǁĞƌƚŚĂƚƚŚĞĐŽŶĐĞƉƚƵĂůŵĂŶƵƐĐƌŝƉƚ
ƐŚŽƵůĚďĞĂĐĐĞƉƚĞĚ;ĂŶĚƉƵďůŝƐŚĞĚŽŶůŝŶĞͿďĞĨŽƌĞƚŚĞƉƵďůŝĐĂƚŝŽŶŽĨƚŚĞƉƌĞƐĞŶƚŵĂŶƵƐĐƌŝƉƚ͘ĚĚŝŶŐƚŽƚŚŝƐ͕
ǁĞƚŚŝŶŬƚŚĂƚƚŚĞƌĞǀŝĞǁĞƌŚĂƐŵŝƐƵŶĚĞƌƐƚŽŽĚƚŚĞĐŽŶĐůƵƐŝŽŶƌĞŐĂƌĚŝŶŐƚŚĞ'ŝďďƐĨƌĞĞĞŶĞƌŐǇ͘KƵƌĨŝŶĚŝŶŐ
ǁĂƐŶŽƚƚŚĂƚŽƚŚĞƌĨĂĐƚŽƌƐƚŚĂŶƚŚĞƌŵŽĚǇŶĂŵŝĐƐĂƌĞŝŵƉŽƌƚĂŶƚŝŶŵŽĚƵůĂƚŝŶŐĚĞŐƌĂĚĂƚŝŽŶĂŶĚďŽƵŶĚ
ƌĞƐŝĚƵĞĨŽƌŵĂƚŝŽŶ;ĂůƚŚŽƵŐŚƚŚĞǇƐƵƌĞůǇĂƌĞͿ͘dŚĞĨŝŶĚŝŶŐŝƐƚŚĂƚƚŚĞ'ŝďďƐĨƌĞĞĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶŽĨƚŚĞ
ĐŚĞŵŝĐĂůŽĨŝŶƚĞƌĞƐƚ;ŝ͘Ğ͘ƉĞƐƚŝĐŝĚĞͿĐĂŶďĞƐĞƚƚŽϬŬ:ŵŽůͲϭŝĨŶŽƌĞůŝĂďůĞĚĂƚĂŝƐĂǀĂŝůĂďůĞǁŝƚŚŽƵƚĂĨĨĞĐƚŝŶŐ
ƚŚĞŽƵƚĐŽŵĞŽĨƚŚĞDdŵĞƚŚŽĚŵŽƌĞƚŚĂŶĂĨĞǁƉĞƌĐĞŶƚ͘dŚŝƐŝƐďĞĐĂƵƐĞƚŚĞŵĂũŽƌŝƚǇŽĨĞŶĞƌŐǇŝŶƚŚĞ
ƌĞĂĐƚŝŽŶĐŽŵĞƐĨƌŽŵƚŚĞĨŽƌŵĂƚŝŽŶŽĨKϮĂŶĚ,ϮKʹĞƐƉĞĐŝĂůůǇŝĨƚŚĞƉĞƐƚŝĐŝĚĞĐŽŶƚĂŝŶƐŵĂŶǇĂŶĚ,
ĂƚŽŵƐ͘

dŽŵĂŬĞƚŚŝƐĐůĞĂƌĞƌǁĞĐŚĂŶŐĞĚƚŚĞƐĞŶƚĞŶĐĞŝŶƚŚĞĐŽŶĐůƵƐŝŽŶƐĂĐĐŽƌĚŝŶŐůǇ͘/ƚŶŽǁƌĞĂĚƐ;ůŝŶĞƐϱϰϭͲϱϰϯͿ͗

͞ůůŵĞƚŚŽĚƐƐŚŽǁĞĚůŽǁƐĞŶƐŝƚŝǀŝƚǇƚŽǀĂƌŝĂƚŝŽŶƐŝŶƚŚĞ'ŝďďƐĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶŽĨƚŚĞŽƌŐĂŶŝĐĐŚĞŵŝĐĂůƐ
ďĞĐĂƵƐĞŵŽƐƚŽĨƚŚĞ'ŝďďƐĞŶĞƌŐǇŽĨƌĞĂĐƚŝŽŶƐƚĞŵƐĨƌŽŵƚŚĞĨŽƌŵĂƚŝŽŶŽĨƚŚĞŽǆŝĚĂƚŝŽŶƉƌŽĚƵĐƚƐĐĂƌďŽŶ
ĚŝŽǆŝĚĞĂŶĚǁĂƚĞƌ͘͟

ZĞĨĞƌĞĞ͗Ϯ

ŽŵŵĞŶƚƐƚŽƚŚĞƵƚŚŽƌ
ƵƚŚŽƌƐ͗ŶĚƌĞĂƐ>ŝďŽŶĂƚŝƌŽĐŬ͕ΎDĂƚƚŚŝĂƐ<ćƐƚŶĞƌ͕^ƚĞĨĂŶdƌĂƉƉ
ƌƚŝĐůĞ͗DŝĐƌŽďŝĂůŐƌŽǁƚŚǇŝĞůĚĞƐƚŝŵĂƚĞƐĨƌŽŵƚŚĞƌŵŽĚǇŶĂŵŝĐƐĂŶĚŝƚƐŝŵƉŽƌƚĂŶĐĞĨŽƌĚĞŐƌĂĚĂƚŝŽŶŽĨ
ƉĞƐƚŝĐŝĚĞƐĂŶĚĨŽƌŵĂƚŝŽŶŽĨďŝŽŐĞŶŝĐŶŽŶͲĞǆƚƌĂĐƚĂďůĞƌĞƐŝĚƵĞƐ
:ŽƵƌŶĂů͗^ZĂŶĚY^ZŝŶŶǀŝƌŽŶŵĞŶƚĂůZĞƐĞĂƌĐŚ
DĂŶƵƐĐƌŝƉƚ͗^YZͲϮϬϭϳͲϬϬϱϭ

dŚŝƐŝƐĂǀĂůƵĂďůĞĐŽŶƚƌŝďƵƚŝŽŶŽŶƚŚĞĞǀĂůƵĂƚŝŽŶĂŶĚͬŽƌƉƌĞĚŝĐƚŝŽŶŽĨŶŽŶͲĞǆƚƌĂĐƚĂďůĞƌĞƐŝĚƵĞƐĨŽƌŵĂƚŝŽŶ
ĚƵƌŝŶŐ;ďŝŽͿĚĞŐƌĂĚĂƚŝŽŶŽĨƉĞƐƚŝĐŝĚĞƐĂŶĚ/ǁŽƵůĚůŝŬĞƚŽƐĞĞŝƚƉƵďůŝƐŚĞĚ͘,ŽǁĞǀĞƌ͕ƚŚŝƐŵĂŶƵƐĐƌŝƉƚŚĂƐ
ƐĞǀĞƌĂůŵĂũŽƌƉƌŽďůĞŵƐ͕ƐŽŵĞŽĨǁŚŝĐŚŝƐŽĨĂĨŽƌŵĂůŶĂƚƵƌĞ͕ĂŶĚŶĞĞĚƐŵĂũŽƌƌĞǀŝƐŝŽŶďĞĨŽƌĞŝƚǁŝůůďĞ
ƐƵŝƚĂďůĞĨŽƌƉƵďůŝĐĂƚŝŽŶ͘dŚĞĚĞƚĂŝůĞĚĚĞƐĐƌŝƉƚŝŽŶŽĨĞĂĐŚĐƌŝƚŝĐĂůƉŽŝŶƚŝƐŐŝǀĞŶŝŶƚŚĞĨŽůůŽǁŝŶŐƐĞĐƚŝŽŶ͕
ĐŽŵƉůĞŵĞŶƚĞĚǁŝƚŚƚŚĞƐƵŐŐĞƐƚŝŽŶĨŽƌƉŽƐƐŝďůĞŝŵƉƌŽǀĞŵĞŶƚ͘

dŚŝƐŝƐĂŶŽƵƚƐƚĂŶĚŝŶŐƌĞǀŝĞǁ͕ŚĞůƉĨƵů͕ĚĞƚĂŝůĞĚ͕ĂŶĚĐĂƌĞĨƵů͘tĞĂƌĞǀĞƌǇŐƌĂƚĞĨƵůƚŽƚŚŝƐƌĞǀŝĞǁĞƌĨŽƌƚŚĞ
ĞĨĨŽƌƚƐŵĂĚĞƚŽŝŵƉƌŽǀĞŽƵƌŵĂŶƵƐĐƌŝƉƚ͘dŚĂŶŬǇŽƵ͊dŚĞĐŽŶƚƌŝďƵƚŝŽŶŚĂƐďĞĞŶĚƵůǇŶŽƚĞĚŝŶƚŚĞ
ĂĐŬŶŽǁůĞĚŐĞŵĞŶƚƐ͘dŚĞĐƌŝƚŝĐĂůƉŽŝŶƚƐŐŝǀĞŶŝŶƚŚĞĨŽůůŽǁŝŶŐƐĞĐƚŝŽŶĂƌĞĂůůĂĚĚƌĞƐƐĞĚ͘


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DĂũŽƌƉƌŽďůĞŵƐ͗

ϭ͘dŚŝƐŵĂŶƵƐĐƌŝƉƚĐĂŶŶŽƚĂŶĚƐŚŽƵůĚŶŽƚďĞƉƵďůŝƐŚĞĚďĞĨŽƌĞƌĞĨĞƌĞŶĐĞϭϲ͕ŵĂŶƵƐĐƌŝƉƚƐƵďŵŝƚƚĞĚďǇƚŚĞ
ƐĂŵĞĂƵƚŚŽƌƐƚŽŶǀŝƌŽŶŵĞŶƚĂů^ĐŝĞŶĐĞĂŶĚdĞĐŚŶŽůŽŐǇ;^ΘdͿũŽƵƌŶĂů͕ŝƐĂĐĐĞƉƚĞĚĨŽƌƉƵďůŝĐĂƚŝŽŶĂŶĚ
ƉƵďůŝƐŚĞĚŽŶͲůŝŶĞ͘EĂŵĞůǇ͕ŵĂŶƵƐĐƌŝƉƚƐƵďŵŝƚƚĞĚƚŽ^ΘdĂŶĚŝƚƐĐŽŶƚĞŶƚŝƐŽĨĐƌŝƚŝĐĂůŝŵƉŽƌƚĂŶĐĞĨŽƌƚŚĞ
ŵĂŝŶŽďũĞĐƚŝǀĞŽĨƚŚŝƐƐƚƵĚǇ͕ĐŽŵƉĂƌŝƐŽŶŽĨDdŵĞƚŚŽĚǁŝƚŚƚŚĞĞǆŝƐƚŝŶŐǇŝĞůĚĞƐƚŝŵĂƚŝŽŶŵĞƚŚŽĚƐ͘
ZĞĨĞƌĞŶĐĞϭϲŝƐĐŝƚĞĚϭϱƚŝŵĞƐŝŶƚŚĞƚĞǆƚŽĨƚŚŝƐŵĂŶƵƐĐƌŝƉƚǁŚŝĐŚĐůĞĂƌůǇĚĞŵŽŶƐƚƌĂƚĞƐŝƚƐĐƌŝƚŝĐĂů
ƌĞůĞǀĂŶĐĞĨŽƌƚŚŝƐŵĂŶƵƐĐƌŝƉƚ͘

tĞĚŽĂŐƌĞĞǁŝƚŚƚŚĞƌĞǀŝĞǁĞƌƚŚĂƚƚŚĞĐŽŶĐĞƉƚƵĂůŵĂŶƵƐĐƌŝƉƚƐŚŽƵůĚďĞĂĐĐĞƉƚĞĚ;ĂŶĚƉƵďůŝƐŚĞĚŽŶůŝŶĞͿ
ďĞĨŽƌĞƚŚĞƉƵďůŝĐĂƚŝŽŶŽĨƚŚĞƉƌĞƐĞŶƚŵĂŶƵƐĐƌŝƉƚ͘ZĞĨĞƌĞŶĐĞϭϲ;ŝŶƚŚĞƌĞǀŝƐĞĚŵĂŶƵƐĐƌŝƉƚŝƚŝƐƌĞĨĞƌĞŶĐĞ
ϭϱͿǁĂƐƐƵďŵŝƚƚĞĚƐĞǀĞƌĂůŵŽŶƚŚƐďĞĨŽƌĞƚŚŝƐŵĂŶƵƐĐƌŝƉƚ͕ďƵƚǁĞŚĂĚďĞĞŶŐŝǀĞŶŵŽƌĞƚŝŵĞĨŽƌƌĞǀŝƐŝŽŶ͘
tĞǁŝůůƌĞƐƵďŵŝƚƌĞĨϭϲĞĂƌůŝĞƌƐŽƚŚĂƚŝƚŝƐƉƵďůŝƐŚĞĚƐŽŽŶ;ďƵƚŽĨĐŽƵƌƐĞǁĞĐĂŶŶŽƚŐƵĂƌĂŶƚĞĞƚŚŝƐ͗ͲͿͿ

Ϯ͘DĂƚĞƌŝĂůƐĂŶĚDĞƚŚŽĚƐƐĞĐƚŝŽŶƐŚŽƵůĚďĞƐŝŐŶŝĨŝĐĂŶƚůǇƌĞĚƵĐĞĚƐŝŶĐĞƚŽĂůĂƌŐĞĞǆƚĞŶƚŝƚĚƵƉůŝĐĂƚĞƐ
ŵĂƚĞƌŝĂůƐĂŶĚƌĞƐƵůƚƐƚŚĂƚĂƌĞĂůƌĞĂĚǇƉƵďůŝƐŚĞĚŝŶƚŚĞŽƉĞŶůŝƚĞƌĂƚƵƌĞ͘

>ŝŶĞƐϭϭϴͲϭϮϯŶŽǁƌĞĂĚƐ͗
͞dŚĞďĂĐƚĞƌŝĂůŐƌŽǁƚŚǇŝĞůĚƉƌĞĚŝĐƚŝŽŶŵĞƚŚŽĚƐĐŚŽƐĞŶĨŽƌƚŚŝƐƐƚƵĚǇŚĂǀĞĂĐŽŵŵŽŶďĂƐŝĐĂƉƉƌŽĂĐŚ͗Ă
ƐƚŽŝĐŚŝŽŵĞƚƌŝĐĂůůǇďĂůĂŶĐĞĚƌĞĚŽǆƌĞĂĐƚŝŽŶĂŶĚƚŚĞĂƐƐŽĐŝĂƚĞĚĐŚĂŶŐĞŽĨ'ŝďďƐĨƌĞĞĞŶĞƌŐǇ͘dŚŝƐŵĞĂŶƐƚŚĂƚ
ŽŶĞĐĂŶƐĞƚƵƉŚĂůĨͲƌĞĂĐƚŝŽŶƐĚĞƐĐƌŝďŝŶŐƚŚĞƌĞĚƵĐƚŝŽŶŽĨƚŚĞƚĂƌŐĞƚĞĚĐŽŵƉŽƵŶĚ;ďĞŝƚǆĞŶŽďŝŽƚŝĐŽƌŶŽƚͿ͕
ĐĂůĐƵůĂƚĞƚŚĞĂƐƐŽĐŝĂƚĞĚ'ŝďďƐĨƌĞĞĞŶĞƌŐǇ΀ϯϰ΁͕ĂŶĚĐŽŵďŝŶĞŝƚǁŝƚŚŚĂůĨͲƌĞĂĐƚŝŽŶƐŽĨĂŶĂƉƉƌŽƉƌŝĂƚĞ
ĞůĞĐƚƌŽŶĂĐĐĞƉƚŽƌ͘͟

>ŝŶĞϭϮϱŶŽǁƌĞĂĚƐ͗
͞dŚŝƐĂƉƉƌŽĂĐŚŚĂƐďĞĞŶƐŚŽǁŶĨŽƌddzDĂŶĚdDϮĂŶĚŚĞƌĞ͟

>ŝŶĞϭϮϴͲϭϯϭŚĂƐďĞĞŶĐŚĂŶŐĞĚĂŶĚŶŽǁƌĞĂĚƐ͗
͞ĚĞƚĂŝůĞĚƐƵŵŵĂƌǇŽĨƚŚĞŵĞƚŚŽĚƐĐĂŶďĞĨŽƵŶĚŝŶƚŚĞ^ƵƉƉůĞŵĞŶƚĂƌǇ/ŶĨŽƌŵĂƚŝŽŶ;^/ͿĂŶĚŝŶƚŚĞŽƌŝŐŝŶĂů
ƌĞĨĞƌĞŶĐĞƐ͘dŚĞĞůĞŵĞŶƚ͕ĞŶĞƌŐǇĂŶĚĞůĞĐƚƌŽŶďĂůĂŶĐĞƐĚŝĨĨĞƌďĞƚǁĞĞŶƚŚĞŵĞƚŚŽĚƐ͕ƚŚƵƐĂďƌŝĞĨŽƵƚůŝŶĞŽĨ
ƚŚĞŵĞƚŚŽĚƐǁŝůůďĞŐŝǀĞŶŝŶdĂďůĞϭ͕ŝŶǁŚŝĐŚƚŚĞĨŝŶĂůĞƋƵĂƚŝŽŶƐƵƐĞĚƚŽĐĂůĐƵůĂƚĞƚŚĞŐƌŽǁƚŚǇŝĞůĚĂƌĞ
ƐŚŽǁŶ͘͟

dŚĞƐĞĐƚŝŽŶŚĂƐďĞĞŶƐŝŐŶŝĨŝĐĂŶƚůǇƌĞĚƵĐĞĚ;ĨŽƌĚĞƚĂŝůƐŽŶĞĂĐŚƐƵďͲƐĞĐƚŝŽŶŝŶƚŚĞƐĞĐƚŝŽŶƐĞĞďĞůŽǁͿ͘dĂďůĞ
^ϭƐŚŽǁŝŶŐƚŚĞĨŝŶĂůĞƋƵĂƚŝŽŶƐƵƐĞĚĨŽƌƚŚĞŐƌŽǁƚŚǇŝĞůĚƉƌĞĚŝĐƚŝŽŶƐŚĂƐďĞĞŶŵŽǀĞĚĨƌŽŵƚŚĞ
^ƵƉƉůĞŵĞŶƚĂƌǇ/ŶĨŽƌŵĂƚŝŽŶƚŽƚŚĞŵĂŶƵƐĐƌŝƉƚ͘dŚĞƚĂďůĞŝƐŶŽǁůŝƐƚĞĚĂƐdĂďůĞϭ͘ŽŶƐĞƋƵĞŶƚůǇ͕ƚŚĞ
ŶƵŵďĞƌŝŶŐŽĨƚĂďůĞƐŚĂƐďĞĞŶƵƉĚĂƚĞĚƚŚƌŽƵŐŚŽƵƚƚŚĞŵĂŶƵƐĐƌŝƉƚ͘ĚĚŝƚŝŽŶĂůůǇ͕ƚŚĞĂŵŽƵŶƚŽĨĞƋƵĂƚŝŽŶƐ
ŚĂƐďĞĞŶƌĞĚƵĐĞĚĂŶĚƚŚĞŝƌŶƵŵďĞƌŝŶŐŚĂƐĂůƐŽďĞĞŶƵƉĚĂƚĞĚƚŚƌŽƵŐŚŽƵƚƚŚĞƚĞǆƚ͘

^ƉĞĐŝĨŝĐĂůůǇ͗
;ŝͿƐƵďͲƐĞĐƚŝŽŶ͞DŝĐƌŽďŝĂůdƵƌŶŽǀĞƌƚŽŝŽŵĂƐƐ;DdͿ͟ĐŽǀĞƌŝŶŐϯ͘ϱƉĂŐĞƐƐŚŽƵůĚďĞĞŝƚŚĞƌĚĞůĞƚĞĚŽƌ
ƌĞĚƵĐĞĚƚŽĂŵŝŶŝŵƵŵ;ŚĂůĨƉĂŐĞͿ͘ůůƚŚŝƐŝƐĂůƌĞĂĚǇĚĞƐĐƌŝďĞĚŝŶƌĞĨĞƌĞŶĐĞϭϲĂŶĚŽŶůǇƉŽŝŶƚƐƌĞůĞǀĂŶƚĨŽƌ
ƚŚĞŵĂŝŶŽďũĞĐƚŝǀĞŽĨƚŚŝƐƐƚƵĚǇŵĂǇďĞďƌŝĞĨůǇƉƌĞƐĞŶƚĞĚŝŶƚŚŝƐƐƵďͲƐĞĐƚŝŽŶ͘
dŚĞƐƵďͲƐĞĐƚŝŽŶŚĂƐďĞĞŶƐŝŐŶŝĨŝĐĂŶƚůǇƌĞĚƵĐĞĚĂŶĚŶŽǁĐŽŶƚĂŝŶƐƚŚĞĨŽůůŽǁŝŶŐ;ůŝŶĞƐϭϯϮͲϭϰϴͿ͗

͞dŚĞDŝĐƌŽďŝĂůdƵƌŶŽǀĞƌƚŽŝŽŵĂƐƐ;DdͿŵĞƚŚŽĚŝƐƉƌĞƐĞŶƚĞĚŝŶĚĞƚĂŝůŝŶdƌĂƉƉĞƚĂů͘΀ϭϱ΁͘dŚĞŵĞƚŚŽĚŝƐ
ďĂƐĞĚŽŶƚŚĞǁŽƌŬŽĨŝĞŬĞƌƚ΀ϭϴ΁͘dŚĞŵĂǆŝŵƵŵďĂĐƚĞƌŝĂůǇŝĞůĚŝƐĚĞƚĞƌŵŝŶĞĚĨƌŽŵƚŚĞŶƵƚƌŝƚŝŽŶĂůǀĂůƵĞŽĨ
ƚŚĞƐƵďƐƚƌĂƚĞ;EͿĐŽŵďŝŶĞĚǁŝƚŚƚŚĞĚĞƚĞƌŵŝŶĂƚŝŽŶŽĨďŝŽͲĂǀĂŝůĂďůĞĞůĞĐƚƌŽŶƐĨƌŽŵƚŚĞƌĞĂĐƚŝŽŶ͘dŚĞ
ŶƵƚƌŝƚŝŽŶĂůǀĂůƵĞŝƐƚŚĞŝŶǀĞƌƐĞŽĨƚŚĞǇŝĞůĚĂŶĚĚĞƐĐƌŝďĞƐŚŽǁŵƵĐŚƐƵďƐƚƌĂƚĞŝƐŶĞĞĚĞĚĨŽƌƚŚĞŐƌŽǁƚŚŽĨ
ďĂĐƚĞƌŝĂ΀ŐƐƵďƐƚƌĂƚĞ;ŐďŝŽŵĂƐƐͿͲϭ΁͘dŚŝƐŝƐƐƵďĚŝǀŝĚĞĚŝŶƚŽĂďŝŽŵĂƐƐǇŝĞůĚŝŶŐ;ĂŶĂďŽůŝĐͿĂŶĚĞŶĞƌŐǇǇŝĞůĚŝŶŐ
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 DŝĐƌŽďĞƐĐĂŶŶŽƚƵƐĞĂůůĞůĞĐƚƌŽŶƐƚŽŐĞŶĞƌĂƚĞĞŶĞƌŐǇĂŶĚƚŚƵƐƚŚĞĐŽŶĐĞƉƚŽĨďŝŽͲĂǀĂŝůĂďůĞ
ĞůĞĐƚƌŽŶƐǁĂƐŝŶƚƌŽĚƵĐĞĚ͘΀ϭϱ΁͘dŚƵƐ͕ĞŶĞƌŐǇĂŶĚĞůĞĐƚƌŽŶďĂůĂŶĐĞƐĂƌĞŝŵƉůŝĐŝƚůǇĐŽŶƐŝĚĞƌĞĚ͘dŚĞĂŶĂďŽůŝĐ
ǇŝĞůĚŝƐĐĂůĐƵůĂƚĞĚĨƌŽŵƚŚĞĐĂƌďŽŶĐŽŶƚĞŶƚŝŶƚŚĞĐŽŵƉŽƵŶĚ;ƚŚĞĐĂƌďŽŶƐŽƵƌĐĞͿĂŶĚŝŶƚŚĞďĂĐƚĞƌŝĂůĐĞůů
΀ϭϴ΁͕ŝ͘Ğ͘ŚŽǁŵĂŶǇŐƌĂŵƐŽĨĐĞůůĐĂŶďĞƉƌŽĚƵĐĞĚĨƌŽŵƚŚĞĐĂƌďŽŶŝŶƚŚĞĐŽŵƉŽƵŶĚ;ŽŶůǇĐĂƌďŽŶ
ĂǀĂŝůĂďŝůŝƚǇŝƐĂƐƐƵŵĞĚƚŽůŝŵŝƚŐƌŽǁƚŚͿ͘
&ƵƌƚŚĞƌĚĞƚĂŝůƐĂŶĚĞǆĂŵƉůĞƐĐĂŶďĞĨŽƵŶĚŝŶ^/ϭ͘ϭĂŶĚdƌĂƉƉĞƚĂů͘΀ϭϱ΁͘͞

dŚĞƉĂƌĂŐƌĂƉŚ

͞'ŝďďƐĞŶĞƌŐǇŽĨƌĞĂĐƚŝŽŶŝƐĐĂůĐƵůĂƚĞĚƵƐŝŶŐĂĐƚŝǀŝƚŝĞƐŽĨƚŚĞƌĞĂĐƚĂŶƚƐĂŶĚƉƌŽĚƵĐƚƐĂƐƐƵŵĞĚƚŽďĞ
ϭD͕ĞǆĐĞƉƚĨŽƌ,нǁŚŝĐŚŝƐĂƐƐƵŵĞĚƚŽďĞϭϬͲϳD;Ɖ,ϳͿ͘dŚĞ'ŝďďƐĨƌĞĞĞŶĞƌŐǇŽĨƌĞĂĐƚŝŽŶĨŽƌŶŽŶͲƐƚĂŶĚĂƌĚ
ĐŽŶĚŝƚŝŽŶƐĐĂŶďĞĐĂůĐƵůĂƚĞĚĂƐ
ȟܩ௥ᇱ ൌ ȟܩ௥௢ᇱ ൅ ܴܶ ܳ ൌ ȟܩ௥௢ᇱ ൅ ܴܶ  ൬ς ሾ௣௥௢ௗ௨௖௧ሿ೔
೛೙೔సభ
ς ሾ௥௘௔௖௧௔௡௧ሿ೔ೝ೙೔సభ
൰   ;ϭͿ

ǁŚĞƌĞZŝƐƚŚĞŝĚĞĂůŐĂƐĐŽŶƐƚĂŶƚ΀ϴ͘ϯϭϰ:;<ŵŽůͿͲϭ΁͕dŝƐƚŚĞĂďƐŽůƵƚĞƚĞŵƉĞƌĂƚƵƌĞ΀<΁͕YŝƐƚŚĞƌĞĂĐƚŝŽŶ
ƋƵŽƚŝĞŶƚ͕ĂŶĚ΀ƉƌŽĚƵĐƚ΁ĂŶĚ΀ƌĞĂĐƚĂŶƚ΁ĂƌĞƚŚĞĂĐƚŝǀŝƚŝĞƐŽĨƉƌŽĚƵĐƚƐĂŶĚƌĞĂĐƚĂŶƚƐ͕ĂŶĚƉĂŶĚƌĂƌĞƚŚĞŝƌ
ƌĞƐƉĞĐƚŝǀĞƐƚŽŝĐŚŝŽŵĞƚƌŝĐĐŽĞĨĨŝĐŝĞŶƚƐ͘&ƌŽŵƚŚĞĞƋƵĂƚŝŽŶŝƚƐĞůĨŝƚĐĂŶďĞƐĞĞŶƚŚĂƚǁŚĞŶYфϭƚŚĞƚĞƌŵŝƐ
ŶĞŐĂƚŝǀĞĂŶĚǁŚĞŶYхϭƚŚĞƚĞƌŵŝƐƉŽƐŝƚŝǀĞ͘͟

ŚĂƐďĞĞŶŵŽǀĞĚƚŽůŝŶĞƐϭϴϮͲϭϵϭ͘

dŚĞďƵůŬŽĨƚŚĞƚĞǆƚŚĂƐďĞĞŶŵŽǀĞĚƚŽƚŚĞƐƵƉƉůĞŵĞŶƚĂƌǇŝŶĨŽƌŵĂƚŝŽŶƚŚƵƐŵĂŬŝŶŐŝƚƉŽƐƐŝďůĞĨŽƌƚŚĞ
ŝŶƚĞƌĞƐƚĞĚƌĞĂĚĞƌƚŽĞĂƐŝůǇůŽĐĂƚĞĂƌĞůĞǀĂŶƚƐƵŵŵĂƌǇŽĨƚŚĞŵĞƚŚŽĚ͘


;ŝŝͿƐƵďͲƐĞĐƚŝŽŶ͞dŚĞƌŵŽĚǇŶĂŵŝĐůĞĐƚƌŽŶƋƵŝǀĂůĞŶƚDŽĚĞůϮ;dDϮͿ͟ĐŽǀĞƌŝŶŐϯƉĂŐĞƐƐŚŽƵůĚďĞĂůƐŽ
ĞŝƚŚĞƌĚĞůĞƚĞĚŽƌƌĞĚƵĐĞĚƚŽĂŵŝŶŝŵƵŵ;ŚĂůĨƉĂŐĞͿ͘ŽŶƚĞŶƚŽĨƚŚŝƐƐƵďͲƐĞĐƚŝŽŶŝƐĐŽǀĞƌĞĚŝŶĚĞƚĂŝůƐŝŶƚŚĞ
ŽƌŝŐŝŶĂůƐƚƵĚŝĞƐ;ƌĞĨĞƌĞŶĐĞƐϭϴ͕Ϯϯ͕Ϯϰ͕ϯϱͿĂŶĚƚŚĞƌĞŝƐŶŽŶĞĞĚĨŽƌƌĞƉĞƚŝƚŝŽŶŚĞƌĞ͘ŐĂŝŶ͕ŽŶůǇĂďƌŝĞĨ
ŽƵƚůŝŶĞŽĨƉŽŝŶƚƐƌĞůĞǀĂŶƚĨŽƌƚŚĞŵĂŝŶŽďũĞĐƚŝǀĞŽĨƚŚŝƐƐƚƵĚǇŵĂǇďĞŐŝǀĞŶŝŶƚŚŝƐƐƵďͲƐĞĐƚŝŽŶ͘

dŚĞƐƵďͲƐĞĐƚŝŽŶŚĂƐďĞĞŶƐŝŐŶŝĨŝĐĂŶƚůǇƌĞĚƵĐĞĚĂŶĚŶŽǁĐŽŶƚĂŝŶƐƚŚĞĨŽůůŽǁŝŶŐ;ůŝŶĞƐϭϱϭͲϭϲϮͿ͗

͞/ŶϭϵϲϱW͘>͘DĐĂƌƚǇƉƌĞƐĞŶƚĞĚĂƚŚĞƌŵŽĚǇŶĂŵŝĐŵŽĚĞůƚŽĞƐƚŝŵĂƚĞƚŚĞŵĂǆŝŵĂůďĂĐƚĞƌŝĂůǇŝĞůĚĨƌŽŵĂ
ƐŝŶŐůĞƐƵďƐƚƌĂƚĞ΀ϭϳ΁͘dŚĞŵĞƚŚŽĚĚĞƚĞƌŵŝŶĞƐƚŚĞǇŝĞůĚŽŶĂŐŝǀĞŶƐƵďƐƚƌĂƚĞĨƌŽŵƚŚĞ'ŝďďƐĨƌĞĞĞŶĞƌŐǇ
ƌĞůĞĂƐĞĚŝŶƚŚĞƌĞĚŽǆƉƌŽĐĞƐƐ͘^ŝŶĐĞŝƚƐŝŶĐĞƉƚŝŽŶŝƚŚĂƐďĞĞŶŵŽĚŝĨŝĞĚĂŶĚĞǆƉĂŶĚĞĚ΀ϯϰ΁͘/ƚǁĂƐƌĞĐĞŶƚůǇ
ŵŽĚŝĨŝĞĚƚŽďĞƚƚĞƌĐĂƉƚƵƌĞƚŚĞŽďƐĞƌǀĞĚůŽǁĞƌǇŝĞůĚƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚϭĐŽŵƉŽƵŶĚƐ;ŝ͘Ğ͘ŵĞƚŚĂŶŽůͿĂŶĚ
ƌĞĂĐƚŝŽŶƐŝŶǀŽůǀŝŶŐŽǆǇŐĞŶĂƐĞƐ΀ϮϮ͕Ϯϯ΁͘/ƚŝƐďĂƐĞĚŽŶĞůĞĐƚƌŽŶĂŶĚĞŶĞƌŐǇďĂůĂŶĐĞƐ͘dŚĞĞůĞĐƚƌŽŶďĂůĂŶĐĞ
ĐŽŶƐŝĚĞƌƐƚŚĂƚƚŚĞĞůĞĐƚƌŽŶƐƉƌŽǀŝĚĞĚďǇƚŚĞƐƵďƐƚƌĂƚĞĂƌĞƵƐĞĚĞŝƚŚĞƌŝŶƚŚĞƐǇŶƚŚĞƐŝƐŽĨĐĞůůŵĂƚĞƌŝĂů
;ĂŶĂďŽůŝƐŵͿŽƌŝŶĞŶĞƌŐǇŐĞŶĞƌĂƚŝŽŶ;ĐĂƚĂďŽůŝƐŵͿ͕ĂŶĚƚŚĞĞŶĞƌŐǇďĂůĂŶĐĞƐƚĂƚĞƐƚŚĂƚƚŚĞĞŶĞƌŐǇĐĂƉƚƵƌĞĚ
ǁŝƚŚĂƐƉĞĐŝĨŝĐĞĨĨŝĐŝĞŶĐǇ;ɸͿďǇƚŚĞŽƌŐĂŶŝƐŵŝƐƵƐĞĚĨŽƌďĂĐƚĞƌŝĂůŐƌŽǁƚŚ͘dŚĞĞŶĞƌŐǇĐĂƉƚƵƌĞĞĨĨŝĐŝĞŶĐǇ͕ɸ͕ŝƐ
ĂŬĞǇƉĂƌĂŵĞƚĞƌĂŶĚŝƐĞƐƚŝŵĂƚĞĚĨƌŽŵĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂ͘&ƵƌƚŚĞƌĚĞƚĂŝůƐĂŶĚĞǆĂŵƉůĞƐĂƌĞĨŽƵŶĚŝŶ^/ϭ͘Ϯ
ĂŶĚDĐĂƌƚǇ΀Ϯϯ΁ĂŶĚZŝƚƚŵĂŶŶĂŶĚDĐĂƌƚǇ΀ϯϰ΁͘͞

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dŚĞďƵůŬŽĨƚŚĞƚĞǆƚŚĂƐďĞĞŶŵŽǀĞĚƚŽƚŚĞƐƵƉƉůĞŵĞŶƚĂƌǇŝŶĨŽƌŵĂƚŝŽŶƚŚƵƐŵĂŬŝŶŐŝƚƉŽƐƐŝďůĞĨŽƌƚŚĞ
ŝŶƚĞƌĞƐƚĞĚƌĞĂĚĞƌƚŽĞĂƐŝůǇůŽĐĂƚĞĂƌĞůĞǀĂŶƚƐƵŵŵĂƌǇŽĨƚŚĞŵĞƚŚŽĚ͘


;ŝŝŝͿƐƵďͲƐĞĐƚŝŽŶ͞ǆƉĂŶĚĞĚdŚĞƌŵŽĚǇŶĂŵŝĐdƌƵĞzŝĞůĚWƌĞĚŝĐƚŝŽŶDŽĚĞů;ddzDͿ͟ĐŽǀĞƌŝŶŐϮ͘ϱƉĂŐĞƐŝƐĂůƐŽ
ĂǁĂƐƚĞŽĨǀĂůƵĂďůĞũŽƵƌŶĂůƐƉĂĐĞĂŶĚƐŚŽƵůĚďĞƌĞĚƵĐĞĚƚŽĂŵŝŶŝŵƵŵ͘/ƚƐĐŽŶƚĞŶƚŝƐĂůƌĞĂĚǇƉƵďůŝƐŚĞĚŝŶ
ƌĞĨĞƌĞŶĐĞƐϮϯĂŶĚϮϱ͘KƵƚůŝŶĞďƌŝĞĨůǇƉŽŝŶƚƐƌĞůĞǀĂŶƚĨŽƌƚŚĞŵĂŝŶŽďũĞĐƚŝǀĞŽĨƚŚŝƐƐƚƵĚǇ͘

dŚĞƐƵďͲƐĞĐƚŝŽŶŚĂƐďĞĞŶƐŝŐŶŝĨŝĐĂŶƚůǇƌĞĚƵĐĞĚĂŶĚŶŽǁĐŽŶƚĂŝŶƐƚŚĞĨŽůůŽǁŝŶŐ;ůŝŶĞƐϭϲϱͲϭϳϯͿ͗

͞dŚĞǆƉĂŶĚĞĚdŚĞƌŵŽĚǇŶĂŵŝĐdƌƵĞzŝĞůĚDŽĚĞůŝƐďĂƐĞĚŽŶƚŚĞǁŽƌŬďǇDĐĂƌƚǇĂŶĚǁĂƐƉƌĞƐĞŶƚĞĚŝŶ
΀ϮϮ΁ĂŶĚĞǆƉĂŶĚĞĚŝŶ΀Ϯϰ΁͘dŽŝŶĐƌĞĂƐĞƚŚĞĂĐĐƵƌĂĐǇĨŽƌƚŚĞǇŝĞůĚƉƌĞĚŝĐƚŝŽŶŽŶϭĐŽŵƉŽƵŶĚƐĂŶĚ
ƐƵďƐƚƌĂƚĞƐǁŝƚŚůŽǁĚĞŐƌĞĞƐŽĨƌĞĚƵĐƚŝŽŶ͕ƚŚĞĂƵƚŚŽƌƐƉƌŽƉŽƐĞĚƚŽŝŶĐůƵĚĞĂĐĂƌďŽŶĂŶĚĂŶŝƚƌŽŐĞŶďĂůĂŶĐĞ
ĂŶĚĂƐĂƌĞƐƵůƚƚŚĞƌĞŽĨƌĞĨŽƌŵƵůĂƚĞƚŚĞĞůĞĐƚƌŽŶĂŶĚĞŶĞƌŐǇďĂůĂŶĐĞŽƌŝŐŝŶĂůůǇƉƌŽƉŽƐĞĚďǇDĐĂƌƚǇ͘dŚĞ
ĐĂƌďŽŶďĂůĂŶĐĞĚĞƐĐƌŝďĞƐƚŚĂƚƚŚĞĐĂƌďŽŶŝƐĞŝƚŚĞƌŝŶǀĞƐƚĞĚŝŶĐĞůůƐǇŶƚŚĞƐŝƐŽƌŝŶƚŽŽƚŚĞƌĐĂƌďŽŶĂĐĞŽƵƐ
ƉƌŽĚƵĐƚƐ͘dŚĞŶŝƚƌŽŐĞŶďĂůĂŶĐĞĐĂŶďĞŝŐŶŽƌĞĚŝĨŶŝƚƌŽŐĞŶŝƐŶŽƚůŝŵŝƚŝŶŐ΀Ϯϰ΁͕ŚĞŶĐĞ͕ƚŚĞǇŝĞůĚĐĂŶďĞ
ĐĂůĐƵůĂƚĞĚĨƌŽŵĂŶĞŶĞƌŐǇďĂůĂŶĐĞ͕ĐĂƌďŽŶďĂůĂŶĐĞ͕ĂŶĚĞůĞĐƚƌŽŶďĂůĂŶĐĞ͘
&ŽƌĨƵƌƚŚĞƌĚĞƚĂŝůƐ͕ƚŚĞƌĞĂĚĞƌŝƐŬŝŶĚůǇƌĞĨĞƌƌĞĚƚŽ^/ϭ͘ϯĂŶĚ΀ϮϮ͕Ϯϰ΁͘͟

dŚĞďƵůŬŽĨƚŚĞƚĞǆƚŚĂƐďĞĞŶŵŽǀĞĚƚŽƚŚĞƐƵƉƉůĞŵĞŶƚĂƌǇŝŶĨŽƌŵĂƚŝŽŶƚŚƵƐŵĂŬŝŶŐŝƚƉŽƐƐŝďůĞĨŽƌƚŚĞ
ŝŶƚĞƌĞƐƚĞĚƌĞĂĚĞƌƚŽĞĂƐŝůǇůŽĐĂƚĞĂƌĞůĞǀĂŶƚƐƵŵŵĂƌǇŽĨƚŚĞŵĞƚŚŽĚ͘


ϯ͘/ƚƐĞĞŵƐƚŚĂƚƚŚĞĂƵƚŚŽƌƐĂƌĞŶŽƚĨĂŵŝůŝĂƌǁŝƚŚƚŚĞŵĂƚŚĞŵĂƚŝĐĂůĐŽŶĐĞƉƚŽĨůŽŐĂƌŝƚŚŵƐ͘>ŽŐĂƌŝƚŚŵƐĂƌĞ
ŽŶůǇĚĞĨŝŶĞĚĨŽƌƉŽƐŝƚŝǀĞŶƵŵďĞƌƐ͕ƚŚŽƐĞůĂƌŐĞƌƚŚĂŶǌĞƌŽ͘dŚƵƐ͕ƚŚĞƌĞĂƌĞŶŽůŽŐĂƌŝƚŚŵƐĨŽƌŶĞŐĂƚŝǀĞ
ŶƵŵďĞƌƐ͘ŽŶƐĞƋƵĞŶƚůǇ͕ƚŚĞƐƚĂƚĞŵĞŶƚ͞ǁŚĞŶYфϬƚŚĞƚĞƌŵŝƐŶĞŐĂƚŝǀĞ͟ŽŶƉĂŐĞϴ͕ůŝŶĞϭϳϮŝƐŵĞĂŶŝŶŐůĞƐƐ͘

dŚĂŶŬǇŽƵ͘dŚŝƐŝƐĂŶŽďǀŝŽƵƐŽǀĞƌƐŝŐŚƚͲǁŚĂƚŝƐŵĞĂŶƚŝƐƚŚĂƚǁŚĞŶYфϭсхůŶ;YͿфϬ͘dŚŝƐŚĂƐďĞĞŶ
ĐŽƌƌĞĐƚĞĚ͘>ŝŶĞƐϭϵϬͲϭϵϭŶŽǁƌĞĂĚƐ͗

͞ǁŚĞŶYфϭƚŚĞƚĞƌŵŝƐŶĞŐĂƚŝǀĞĂŶĚǁŚĞŶYхϭƚŚĞƚĞƌŵŝƐƉŽƐŝƚŝǀĞ͘͟

ϰ͘ƉĂŐĞϴ͕ůŝŶĞƐϭϲϵĂŶĚϭϳϬ͗dŚĞƌĞŝƐŶŽƐƵĐŚƵŶŝƚĂƐĚĞŐƌĞĞ<ĞůǀŝŶ;Σ<Ϳ͘dŚĞƵŶŝƚƐŽĨĂďƐŽůƵƚĞƚĞŵƉĞƌĂƚƵƌĞƐ
ĂƌĞ<ĞůǀŝŶ;<Ϳ͘

dŚĂŶŬǇŽƵĨŽƌƚŚĞĐŽŵŵĞŶƚ͘dŚŝƐŚĂƐďĞĞŶĐŽƌƌĞĐƚĞĚŽŶůŝŶĞϭϴϳ͘

ϱ͘ŶŽƚŚĞƌŵĂũŽƌĚƌĂǁďĂĐŬŽĨƚŚŝƐŵĂŶƵƐĐƌŝƉƚĂƌĞŶƵŵĞƌŽƵƐůŝŶŐƵŝƐƚŝĐƉƌŽďůĞŵƐ͘ůŽƚŽĨƐĞŶƚĞŶĐĞƐŝŶƚŚŝƐ
ŵĂŶƵƐĐƌŝƉƚŚĂǀĞĂǁŬǁĂƌĚƐƚƌƵĐƚƵƌĞĂŶĚĂƌĞŝŶĐŽŶƚƌĂƐƚƚŽƚŚĞĞůĞŵĞŶƚĂƌǇƉƌŝŶĐŝƉůĞƐŽĨŶŐůŝƐŚůĂŶŐƵĂŐĞ͘
dŚŝƐŵĂĚĞƚŚĞƌĞĂĚŝŶŐŽĨƚŚŝƐŵĂŶƵƐĐƌŝƉƚĂĚĞŵĂŶĚŝŶŐĂŶĚƚŝŵĞͲĐŽŶƐƵŵŝŶŐƚĂƐŬ͘dŚŝƐŵĂŶƵƐĐƌŝƉƚƐŚŽƵůĚ
ŚĂǀĞďĞĞŶĐŚĞĐŬĞĚĂŶĚĐŽƌƌĞĐƚĞĚďǇƐŽŵĞŽŶĞƉƌŽĨŝĐŝĞŶƚŝŶŶŐůŝƐŚďĞĨŽƌĞŝƚǁĂƐƐƵďŵŝƚƚĞĚĨŽƌĂƌĞǀŝĞǁ͘/Ŷ
ĂƐĞƉĂƌĂƚĞƐĞĐƚŝŽŶ͞^ŽŵĞ>ŝŶŐƵŝƐƚŝĐWƌŽďůĞŵƐŽƌƌƌŽƌƐ͟/ŚĂǀĞůŝƐƚĞĚƐŽŵĞŽĨƚŚŽƐĞůŝŶŐƵŝƐƚŝĐƉƌŽďůĞŵƐĂŶĚ
ŚĂǀĞƐƵŐŐĞƐƚĞĚƉŽƐƐŝďůĞĐŽƌƌĞĐƚŝŽŶƐ͘,ŽǁĞǀĞƌ͕ŝŶĂĚĚŝƚŝŽŶƚŽƚŚŽƐĞƐƵŐŐĞƐƚĞĚĐŽƌƌĞĐƚŝŽŶƐ͕ĂƚŚŽƌŽƵŐŚ
ŝŶƐƉĞĐƚŝŽŶŽĨƚŚĞƌĞǀŝƐĞĚŵĂŶƵƐĐƌŝƉƚďǇƐŽŵĞŽŶĞƉƌŽĨŝĐŝĞŶƚŝŶŶŐůŝƐŚŝƐƐƚŝůůŶĞĞĚĞĚ͘

tĞƐŝŶĐĞƌĞůǇƚŚĂŶŬƚŚĞƌĞǀŝĞǁĞƌĨŽƌƚĂŬŝŶŐƚŝŵĞƚŽŵĞƚŝĐƵůŽƵƐůǇŐŽƚŚƌŽƵŐŚƚŚĞŵĂŶƵƐĐƌŝƉƚ͘dŚĞŵĂŶƵƐĐƌŝƉƚ
ŚĂƐƵŶĚĞƌŐŽŶĞĂƚŚŽƌŽƵŐŚŝŶƐƉĞĐƚŝŽŶǁŝƚŚƚŚĞĂŝĚĨƌŽŵĂƉƌŽĨŝĐŝĞŶƚŶĂƚŝǀĞƐƉĞĂŬĞƌĨƌŽŵƚŚĞh^͘dŚĞ
ĐŚĂŶŐĞƐŵĂĚĞĂƌĞůŝƐƚĞĚŝŶƚŚĞĨŽůůŽǁŝŶŐ͘

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>ŝŶĞƐϭϵͲϮϮ͗͟&ŽƌŵĂƚŝŽŶŽĨŵŝĐƌŽďŝĂůŵĂƐƐĐĂŶďĞĞƐƚŝŵĂƚĞĚĨƌŽŵƚŚĞŵŝĐƌŽďŝĂůŐƌŽǁƚŚǇŝĞůĚďƵƚ
ĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂŝƐƌĂƌĞ͘/ŶƐƚĞĂĚ͕ǁĞƐƵŐŐĞƐƚƵƐŝŶŐƉƌĞĚŝĐƚŝŽŶŵĞƚŚŽĚƐĨŽƌƚŚĞƚŚĞŽƌĞƚŝĐĂůǇŝĞůĚďĂƐĞĚŽŶ
ƚŚĞƌŵŽĚǇŶĂŵŝĐƐ͘͟

>ŝŶĞƐϮϯͲϮϰ͗͟tĞŚĂǀĞĞƐƚŝŵĂƚĞĚƚŚĞŐƌŽǁƚŚǇŝĞůĚŽŶϰϬŽƌŐĂŶŝĐĐŚĞŵŝĐĂůƐ͟

>ŝŶĞƐϮϴͲϮϵ͗͟,ĂǀŝŶŐƚŚĞƚŚĞŽƌĞƚŝĐĂůǇŝĞůĚĂŶĚƵƐŝŶŐƚŚĞƌĞůĞĂƐĞĚKϮĂƐĂŵĞĂƐƵƌĞĨŽƌŵŝĐƌŽďŝĂůĂĐƚŝǀŝƚǇ͕͟
>ŝŶĞƐϰϬͲϰϭ͗͞dŚĞĞǀĂůƵĂƚŝŽŶŽĨďŝŽĚĞŐƌĂĚĂƚŝŽŶŽĨŽƌŐĂŶŝĐĐŚĞŵŝĐĂůƐŽĨĞŶǀŝƌŽŶŵĞŶƚĂůĐŽŶĐĞƌŶŝƐĂďŝŐ
ĐŚĂůůĞŶŐĞĨŽƌƌŝƐŬĂƐƐĞƐƐŵĞŶƚĂŶĚŝƐƐƵďũĞĐƚƚŽůĞŐŝƐůĂƚŝŽŶĂŶĚƌĞŐƵůĂƚŝŽŶ͘͞
>ŝŶĞƐϰϯͲϰϱ͗͞dŚĞĂƐƐĞƐƐŵĞŶƚŽĨďŝŽĚĞŐƌĂĚĂďŝůŝƚǇƵŶĚĞƌĞŶǀŝƌŽŶŵĞŶƚĂůĐŽŶĚŝƚŝŽŶƐŝƐƐƚĂŶĚĂƌĚŝƐĞĚďǇK
ƚĞƐƚŝŶŐŐƵŝĚĞůŝŶĞƐ͕ƐƵĐŚĂƐKdĞƐƚƐEŽƐ͘ϯϬϲͲϯϬϵƵƐĞĚĨŽƌ͟
>ŝŶĞƐϰϳͲϰϴ͗͞dƌĂŶƐĨŽƌŵĂƚŝŽŶĂŶĚďŝŽĚĞŐƌĂĚĂƚŝŽŶŝƐŵŽƐƚůǇƚĞƐƚĞĚǁŝƚŚϭϰŽƌϭϯůĂďĞůůĞĚƉĂƌĞŶƚ
ĐŽŵƉŽƵŶĚƐ͘͟
>ŝŶĞƐϰϴͲϰϵ͗͞/ƐŽƚŽƉĞƐĂƌĞƉĂƌƚŝĐƵůĂƌůǇŶĞĞĚĞĚĨŽƌĂƐƐĞƐƐŵĞŶƚŽĨŶŽŶͲĞǆƚƌĂĐƚĂďůĞƌĞƐŝĚƵĞƐ;EZ͖ĂůƐŽĐĂůůĞĚ
͞ďŽƵŶĚƌĞƐŝĚƵĞƐ͟ͿĂŶĚƚƌĂĐŝŶŐŽĨƵŶŬŶŽǁŶŵĞƚĂďŽůŝƚĞƐ΀ϴ΁͘͟
>ŝŶĞϱϭ͗͞ůƚŚŽƵŐŚƚŚĞƌĞĂƌĞƐĞǀĞƌĂůĂƉƉƌŽĂĐŚĞƐĨŽƌƚŚĞƌĞůŝĂďůĞƉƌŽƐƉĞĐƚŝǀĞĂƐƐĞƐƐŵĞŶƚ͟
>ŝŶĞƐϱϬͲϱϭ͗͞ƐƐĞƐƐŵĞŶƚŽĨďŝŽĚĞŐƌĂĚĂƚŝŽŶŝƐǁĞůůĞƐƚĂďůŝƐŚĞĚďƵƚŵĂǇƐƚŝůůŚĂǀĞƐŽŵĞƉŝƚĨĂůůƐĨŽƌǀĂƌŝŽƵƐ
ĐŽŵƉŽƵŶĚƐ΀ϵͲϭϮ΁͘͟
>ŝŶĞƐϱϰͲϱϱ͗͞dŚĞĂƐƐĞƐƐŵĞŶƚŽĨƌĞƐŝĚƵĞĨŽƌŵĂƚŝŽŶŝƐƐƚŝůůŝŶŝƚƐŝŶĨĂŶĐǇĂŶĚŝƐŶŽƚǇĞƚƉƌĞĚŝĐƚĂďůĞ͘͟
>ŝŶĞϲϮͲϲϰ͗͞ƉƉĂƌĞŶƚůǇ͕EZĂƌĞŵŽƐƚůǇĐŽŵƉƌŝƐĞĚŽĨĂůůƚǇƉĞƐŽĨƌĞƐŝĚƵĞƐĂŶĚƚŚƵƐƚŚĞĂƐƐĞƐƐŵĞŶƚŽĨƚŚĞ
ďŝŽŐĞŶŝĐEZĨŽƌŵĂƚŝŽŶǁŝůůĂůƐŽƉƌŽǀŝĚĞŝŶĨŽƌŵĂƚŝŽŶĂďŽƵƚƚŚĞĂŵŽƵŶƚƐŽĨƚŚĞŽƚŚĞƌƚǇƉĞƐŽĨEZ
ĨŽƌŵĞĚ͘͟
>ŝŶĞƐϲϱͲϲϲ͗͞ŽŵƉŽƵŶĚƐƚŚĂƚĂƌĞƉŽŽƌŐƌŽǁƚŚƐƵďƐƚƌĂƚĞƐĂŶĚĚŽŶŽƚƉƌŽǀŝĚĞƐƵĨĨŝĐŝĞŶƚĞŶĞƌŐǇ͟
>ŝŶĞƐϲϳͲϲϵ͗͞dŚƵƐ͕ƚŚĞƵƐĂďŝůŝƚǇŽĨƚŚĞŵŽůĞĐƵůĞ͕ŝƚƐĞŶĞƌŐǇĐŽŶƚĞŶƚĂŶĚƐƵŝƚĂďŝůŝƚǇĨŽƌĂŶĂďŽůŝĐƉƌŽĐĞƐƐĞƐ
ŚĂƐĂƉƌŽĨŽƵŶĚŝŵƉĂĐƚŽŶƚŚĞĞǀŽůƵƚŝŽŶĂƌǇƉƌĞƐƐƵƌĞƚŽĚĞǀĞůŽƉĚĞŐƌĂĚĂƚŝŽŶƉĂƚŚǁĂǇƐ͘͟
>ŝŶĞƐϳϭͲϳϯ͗͞/ŶĂĚĚŝƚŝŽŶ͕ƚŚĞƌŵŽĚǇŶĂŵŝĐƐĐĂŶĂůƐŽďĞƵƐĞĚƚŽĚĞƐĐƌŝďĞƚŚĞƉŽƚĞŶƚŝĂůŐƌŽǁƚŚŽĨďĂĐƚĞƌŝĂ
΀ϭϳ΁͘͟
>ŝŶĞƐϳϯͲϳϰ͗͞ƐƐĞŶƚŝĂůůǇ͕ďĂĐƚĞƌŝĂůŐƌŽǁƚŚŝƐƐŝŵƉůŝĨŝĞĚĂŶĚƐƉůŝƚŝŶƚŽĂŶĂďŽůŝĐƉƌŽĐĞƐƐĞƐ;ĞŶĞƌŐǇ
ĚĞŵĂŶĚŝŶŐͿĂŶĚĐĂƚĂďŽůŝĐƉƌŽĐĞƐƐĞƐ;ĞŶĞƌŐǇƉƌŽĚƵĐŝŶŐͿ΀ϭϴ΁͘͟
>ŝŶĞϳϰͲϳϳ͗͞dŚĞĐĂƚĂďŽůŝĐƉƌŽĐĞƐƐĞƐĚĞƐĐƌŝďĞƚŚĞĞŶĞƌŐǇƌĞůĞĂƐĞĚĨƌŽŵƚŚĞŽǆŝĚĂƚŝŽŶŽĨĂĐŚĞŵŝĐĂůŽƌĂ
ƐƵďƐƚƌĂƚĞ͘/ŶĂĞƌŽďŝĐŵĞƚĂďŽůŝƐŵƚŚĞŽǆŝĚĂƚŝŽŶƉƌŽĚƵĐƚŝƐƵƐƵĂůůǇKϮĂŶĚ,ϮK͘dŚĞĞůĞĐƚƌŽŶƐĚĞƌŝǀĞĚĨƌŽŵ
ƚŚĞŽǆŝĚĂƚŝŽŶĂƌĞƉĂƌƚůǇƚƌĂŶƐĨĞƌƌĞĚ;͘͘͘Ϳ͟
>ŝŶĞƐϳϵͲϴϬ͗͕͞ƉƌĞĚŽŵŝŶĂƚĞůǇĨƌŽŵƚŚĞĨŽƌŵĂƚŝŽŶŽĨKϮĂŶĚ,ϮK΀ϭϵ΁͘͟
>ŝŶĞƐϴϭͲϴϮ͗͞dŚĞĂŶĂďŽůŝĐƉƌŽĐĞƐƐĞƐĚĞƐĐƌŝďĞƚŚĞƐƵďƐƚƌĂƚĞĂŶĚĞŶĞƌŐǇƵƐĞĨŽƌƚŚĞƐǇŶƚŚĞƐŝƐŽĨŶĞǁĐĞůů
ďŝŽŵĂƐƐ͘͟

Page 56 of 90
URL: http://mc.manuscriptcentral.com/sqer
SAR and QSAR in Environmental Research
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only
>ŝŶĞƐϴϵͲϵϭ͗͞dŚĞƐĞĞƐƚŝŵĂƚĞƐŚĂǀĞƉƌĞǀŝŽƵƐůǇďĞĞŶƵƐĞĚĨŽƌďŝŽƚĞĐŚŶŽůŽŐŝĐĂůƉƵƌƉŽƐĞƐĂŶĚĨŽƌƚŚĞ
ĞƐƚŝŵĂƚŝŽŶŽĨĂĐƚŝǀĂƚĞĚƐůƵĚŐĞĨŽƌŵĂƚŝŽŶŝŶǁĂƐƚĞǁĂƚĞƌƚƌĞĂƚŵĞŶƚƉƌŽĐĞƐƐĞƐ͕͟
>ŝŶĞƐϵϭͲϵ³dŚĞĚŝĨĨĞƌĞŶƚŐƌŽǁƚŚǇŝĞůĚĞƐƚŝŵĂƚŝŽŶŵĞƚŚŽĚƐĂƌĞďĂƐĞĚŽŶĂƐŝŵŝůĂƌƐĞƚŽĨĐŽŶƐŝĚĞƌĂƚŝŽŶƐ΀Ϯϲ͕
Ϯϳ΁͘͟

>ŝŶĞƐϭϬϲͲϭϬϴ͗͞dŚĞƌĞĨŽƌĞ͕ǇŝĞůĚĞƐƚŝŵĂƚŝŽŶƉƌŽǀŝĚĞƐĂƚŽŽůĨŽƌƚŚĞĂƐƐĞƐƐŵĞŶƚĂŶĚƉƌĞĚŝĐƚŝŽŶŽĨďŝŽŐĞŶŝĐ
EZĨŽƌŵĂƚŝŽŶŝŶƚŚĞĚĞŐƌĂĚĂƚŝŽŶĂƐƐĞƐƐŵĞŶƚŽĨĐŚĞŵŝĐĂůƐĨŽƌƌĞŐƵůĂƚŽƌǇƉƵƌƉŽƐĞƐ͘͟

>ŝŶĞƐϭϳϵͲϭϴϬ͗͞ŵŵŽŶŝĂǁĂƐƚĂŬĞŶĂƐƚŚĞƐŽůĞŶŝƚƌŽŐĞŶƐŽƵƌĐĞƐŽĞůĞĐƚƌŽŶƐĨŽƌƚŚĞĂƐƐŝŵŝůĂƚŽƌǇƌĞĚƵĐƚŝŽŶ
ŽĨEKϯͲǁĂƐŶŽƚĐŽŶƐŝĚĞƌĞĚ͕͟

>ŝŶĞƐϭϵϯͲϭϵϰ͗͞ŶŝƚƌĂƚĞͲƌĞĚƵĐŝŶŐĐŽŶĚŝƚŝŽŶƐ;EKϯͲĂƐƚŚĞƚĞƌŵŝŶĂůĞůĞĐƚƌŽŶĂĐĐĞƉƚŽƌͿĂŶĚƐƵůƉŚĂƚĞͲƌĞĚƵĐŝŶŐ
ĐŽŶĚŝƚŝŽŶƐ;^KϰϮͲĂƐƚŚĞƚĞƌŵŝŶĂůĞůĞĐƚƌŽŶĂĐĐĞƉƚŽƌͿ͟

>ŝŶĞϮϬϮ͗͘͞,ŽǁĞǀĞƌ͕ĨŽƌddzDƚŚŝƐǁĂƐŶŽƚĚŽŶĞ͟

>ŝŶĞƐϮϭϬͲϮϭϭ͗͞ŬĞǇŝŶƉƵƚƉĂƌĂŵĞƚĞƌƐǁĞƌĞǀĂƌŝĞĚŝŶĐůƵĚŝŶŐzdW͕͟

>ŝŶĞƐϮϮϲͲϮϮϳ͗͞ĂĐƚĞƌŝĂůŐƌŽǁƚŚǇŝĞůĚƐŚĂǀĞďĞĞŶĞǆƉĞƌŝŵĞŶƚĂůůǇĂƐƐĞƐƐĞĚŽŶůǇĨŽƌǀĞƌǇĨĞǁŽĨƚŚĞƐĞůĞĐƚĞĚ
ĐŽŵƉŽƵŶĚƐ͘͟
>ŝŶĞƐϮϮϵͲϮϯϭ͗͞DŽƌĞŽǀĞƌ͕ŝďƵƉƌŽĨĞŶĂŶĚƐŽŵĞƉŽůǇĐǇĐůŝĐĂƌŽŵĂƚŝĐŚǇĚƌŽĐĂƌďŽŶƐ;W,ͿǁĞƌĞĂůƐŽŝŶĐůƵĚĞĚ
ĂƐƚŚĞďĂĐƚĞƌŝĂůŐƌŽǁƚŚǇŝĞůĚŚĂƐďĞĞŶĞǆƉĞƌŝŵĞŶƚĂůůǇĚĞƚĞƌŵŝŶĞĚĨŽƌƚŚĞƐĞ͘͟
>ŝŶĞƐϮϯϮͲϮϯϯ͗͞ƚŚĞŵĞƚŚŽĚƐǁĞƌĞĂůƐŽĞǀĂůƵĂƚĞĚƵƐŝŶŐƚŚĞŐƌŽǁƚŚǇŝĞůĚĚĞƚĞƌŵŝŶĞĚĨŽƌƐŝŵƉůĞĐĂƌďŽŶ
ƐƵďƐƚƌĂƚĞƐƵƐĞĚŝŶďŝŽƚĞĐŚŶŽůŽŐǇ͘͟
>ŝŶĞƐϮϯϯͲϮϯϰ͗͞dŚĞĐŽŵƉŽƵŶĚƐƐĞůĞĐƚĞĚĨŽƌĐŽŵƉĂƌŝƐŽŶĂƌĞďĂƐĞĚŽŶƚŚĞƌĞǀŝĞǁĂŶĚĞǀĂůƵĂƚŝŽŶŵĂĚĞďǇ
yŝĂŽĂŶĚsĂŶƌŝĞƐĞŶ΀Ϯϰ΁͘͞
>ŝŶĞϮϲϴ͗͞/ŶdĂďůĞϰ͕ƚŚĞƉƌĞĚŝĐƚĞĚďĂĐƚĞƌŝĂůŐƌŽǁƚŚǇŝĞůĚƐƵŶĚĞƌĂĞƌŽďŝĐĐŽŶĚŝƚŝŽŶƐĂƌĞƐŚŽǁŶĂŶĚ͟
>ŝŶĞƐϮϳϰͲϮϳϲ͗͘͞dŚĞƌĞĂƐŽŶďĞŝŶŐƚŚĞĂďƐĞŶĐĞŽĨĐĂƌďŽŶͲŚǇĚƌŽŐĞŶďŽŶĚƐ͘ůůŽƚŚĞƌĐŽŵƉŽƵŶĚƐĞǆĐĞƉƚ
ƉǇƌĞŶĞǁĞƌĞƉƌĞĚŝĐƚĞĚƚŽŚĂǀĞĂďĂĐƚĞƌŝĂůŐƌŽǁƚŚǇŝĞůĚŽĨхϬ͘ϯŐĐĞůůĐĂƌďŽŶ;ŐƐƵďƐƚƌĂƚĞĐĂƌďŽŶͿͲϭďǇĂůů
ŵĞƚŚŽĚƐ͘͟
>ŝŶĞƐϮϴϯͲϮϴϱ͗͘͞ǁĞĂŬĞƌďƵƚƐƚŝůůŚŝŐŚůǇƐŝŐŶŝĨŝĐĂŶƚ;ƉфϬ͘ϬϭͿĐŽƌƌĞůĂƚŝŽŶǁĂƐĨŽƵŶĚĨŽƌdDϮ;zсϬ͘ϬϵɶƐ
нϬ͘ϭϱ͕ZϮсϬ͘ϱϯͿ͕ĂŶĚĂƐŝŐŶŝĨŝĐĂŶƚ;ƉфϬ͘ϬϱͿďƵƚƌĂƚŚĞƌǁĞĂŬĐŽƌƌĞůĂƚŝŽŶǁĂƐĨŽƵŶĚĨŽƌDd;ZϮсϬ͘ϭϰͿ͘͟
>ŝŶĞƐϮϴϴͲϮϴϵ͗͞ĂŶĚddzDŽǀĞƌĞƐƚŝŵĂƚĞĚďǇϱϲйĂŶĚϮϱй͕ƌĞƐƉĞĐƚŝǀĞůǇ͘&ŽƌŐůǇƉŚŽƐĂƚĞĂŶĚĂŶƚŚƌĂĐĞŶĞ͕͟
>ŝŶĞϮϵϵ͗͞tŝƚŚƐƵůƉŚĂƚĞĂƐƚŚĞƚĞƌŵŝŶĂůĞůĞĐƚƌŽŶĂĐĐĞƉƚŽƌ͕͟
>ŝŶĞƐϯϬϬͲϯϬϭ͗͞ĐŽŵƉĂƌĞĚƚŽƚŚĞǇŝĞůĚƐĨŽƵŶĚƵŶĚĞƌĂĞƌŽďŝĐĐŽŶĚŝƚŝŽŶƐ;dĂďůĞϱͿ͟
>ŝŶĞƐϯϬϭͲϯϬϮ͗͞&ŽƌďŽƚŚĂĞƌŽďŝĐĂŶĚŶŝƚƌĂƚĞͲƌĞĚƵĐŝŶŐĐŽŶĚŝƚŝŽŶƐ͕ƚŚĞƌĂŶŬŝŶŐŽĨƚŚĞĞƐƚŝŵĂƚĞĚǇŝĞůĚƐǁĂƐ
ĐůŽƐĞ͘͟
>ŝŶĞƐϯϬϱͲϯϬϳ͗͞DdƉƌĞĚŝĐƚĞĚϮϬĐŚĞŵŝĐĂůƐƚŽŚĂǀĞĂǇŝĞůĚŽĨфϬ͘ϭŐĐĞůůĐĂƌďŽŶ;ŐƐƵďƐƚƌĂƚĞĐĂƌďŽŶͿͲϭ͕
ǁŚŝůĞƚĞŶǁĞƌĞƉƌĞĚŝĐƚĞĚƵƐŝŶŐdDϮ͕ĂŶĚŽŶůǇĨŽƵƌƵƐŝŶŐddzD͘͟
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>ŝŶĞƐϯϬϵͲϯϭϬ͗͞dŚĞůĂĐŬŽĨĞǆƉĞƌŝŵĞŶƚĂůŽďƐĞƌǀĂƚŝŽŶƐƵŶĚĞƌĂŵƵůƚŝƚƵĚĞŽĨƌĞĚŽǆĐŽŶĚŝƚŝŽŶƐŵĂŬĞƐ
ĂƐƐĞƐƐŵĞŶƚŽĨƚŚĞƉƌĞĚŝĐƚŝŽŶĂĐĐƵƌĂĐǇƵŶĂĐŚŝĞǀĂďůĞ͘͟
>ŝŶĞƐϯϭϴͲϯϭϵ͗͞^ƵďƐĞƋƵĞŶƚůǇ͕ƚŚĞǁŽƌŬƉƌĞƐĞŶƚĞĚŝŶ΀Ϯϰ΁ƌĞƐƵůƚĞĚŝŶĂŶĞǀĞŶůŽǁĞƌDǁŚĞŶďŽƚŚƚŚĞƉ,
ĂŶĚƌĞůĂƚĞĚƐƉĞĐŝĂƚŝŽŶ͕ĂŶĚŽǆǇŐĞŶĂƐĞƌĞĂĐƚŝŽŶƐǁĞƌĞƚĂŬĞŶŝŶƚŽĂĐĐŽƵŶƚ͘͟
>ŝŶĞƐ;ĨŽƌŵĞƌůǇͿϯϮϬͲϯϮϮǁĞƌĞĚĞůĞƚĞĚ͗͞;ƚŚĞƌĂŶŬŝŶŐǁĂƐŝĚĞŶƚŝĐĂůĨƌŽŵƚŚĞůŽǁĞƐƚƉƌĞĚŝĐƚĞĚǇŝĞůĚĂŶĚϭϮ
ƉůĂĐĞƐƵƉ͖ĂŶĚƚŚĞƐŝǆƐƵďƐƚƌĂƚĞƐƉƌĞĚŝĐƚĞĚƚŽŐŝǀĞƚŚĞŚŝŐŚĞƐƚǇŝĞůĚͿ͟
>ŝŶĞƐϯϮϯͲϯϮϱ͗͞&ŽƌDd͕ƚŚĞƐĞǁĞƌĞĨŽƌŵĂƚĞ͕ŽǆĂůĂƚĞ͕ĂŶĚŐůǇĐŝŶĞ͖ĨŽƌdDϮ͕ƚŚĞƐĞǁĞƌĞŽǆĂůĂƚĞ͕ŐůǇĐŝŶĞ͕
ĂŶĚĨŽƌŵĂƚĞ͖ĂŶĚĨŽƌddzD͕ƚŚĞƐĞǁĞƌĞŽǆĂůĂƚĞ͕ƉŚĞŶŽů͕ĂŶĚĨŽƌŵĂƚĞ͘͟
>ŝŶĞƐϯϮϳͲϯϮϴ͗͞ǁŝƚŚdDϮƐƚŝůůŐŝǀŝŶŐƚŚĞůŽǁĞƐƚD;ϵйͿ͟
>ŝŶĞϯϰϮ͗͞ůůŵĞƚŚŽĚƐĂƌĞƌĞůĂƚŝǀĞůǇƐĞŶƐŝƚŝǀĞƚŽĐŚĂŶŐĞƐŝŶzdW͕ĞƐƉĞĐŝĂůůǇDd͘͟
>ŝŶĞƐϯϰϰͲϰϰϲ͗͞dŚĞĐŚŽƐĞŶĚĞĨĂƵůƚǀĂůƵĞĨŽƌǆĞŶŽďŝŽƚŝĐƐŽĨϱŐĐĞůůĚǁ;ŵŽůdWͿͲϭ;΀ϭϴ΁͕ĨŽƌŵĞƚŚĂŶŽůͿƵƐĞĚ
ŝŶƚŚĞDdŵĞƚŚŽĚĚŽĞƐŶŽƚůĞĂĚƚŽůĂƌŐĞĞƌƌŽƌƐ;ĐĨ͘dĂďůĞϰͿ͘͟
>ŝŶĞƐϯϱϬͲϯϱϭ͗͘͞ŽŶǀĞƌƐĞůǇ͕ĂŶĞŐĂƚŝǀĞȟ'ĨΣ͛ǁŚŝĐŚŝƐŵĂĚĞŵŽƌĞŶĞŐĂƚŝǀĞůĞĂĚƐƚŽĂĚĞĐƌĞĂƐĞŝŶƚŚĞ
ƉƌĞĚŝĐƚĞĚǇŝĞůĚ;Ğ͘Ő͕͘dͿ͘͟
>ŝŶĞϯϱϰ͗͞zŝĞůĚĞƐƚŝŵĂƚĞƐĨŽƌĐŚĞŵŝĐĂůƐǁŝƚŚĨĞǁĐĂƌďŽŶĂƚŽŵƐ͟
>ŝŶĞϯϱϱ͗͞ĂƌĞĞƐƉĞĐŝĂůůǇƐĞŶƐŝƚŝǀĞƚŽĐŚĂŶŐĞƐ͟
>ŝŶĞƐϯϲϲͲϯϲϵ͗͘͞dŚĞĞĨĨĞĐƚŽĨƚŚĞĐĞůůĨŽƌŵƵůĂŝŶdDϮĂŶĚddzDŝƐŶŽƚŽŶůǇŽŶƚŚĞĞŶĞƌŐǇĐŽƐƚƐƌĞůĂƚĞĚ
ƚŽƐǇŶƚŚĞƐŝƐ΀Ϯϰ΁͕ďƵƚĂůƐŽŽŶƚŚĞĐŽŶǀĞƌƐŝŽŶƚŽŐĐĞůůĐĂƌďŽŶ;ŐƐƵďƐƚƌĂƚĞĐĂƌďŽŶͿͲϭŝŶdDϮ͘dŚŝƐŝƐĚƵĞƚŽ
ƚŚĞĚĞŐƌĞĞŽĨƌĞĚƵĐƚŝŽŶŽĨƚŚĞĐĞůů;ɶƐͿƵƐĞĚŝŶĐŽŶǀĞƌƚŝŶŐƚŚĞƵŶŝƚƐ͘͟
>ŝŶĞϯϳϲ͗͞EZĨŽƌŵĂƚŝŽŶĨƌŽŵƚŚĞKϮƉƌŽĚƵĐĞĚĚƵƌŝŶŐĚĞŐƌĂĚĂƚŝŽŶĞǆƉĞƌŝŵĞŶƚƐ͟
>ŝŶĞƐϯϳϴͲϯϴϬ͗͞ǆĐĞƉƚĨŽƌŽŶĞĐŽŵƉŽƵŶĚ;ŐůǇƉŚŽƐĂƚĞ͕ĐĂƵƐĞĚďǇƚŚĞƉƌŽĚƵĐƚŝŽŶŽĨƚŚĞŵĞƚĂďŽůŝƚĞ
ĂŵŝŶŽŵĞƚŚǇůƉŚŽƐƉŚŽŶŝĐĂĐŝĚ;DWͿͿ͕ƚŚĞƉƌĞĚŝĐƚĞĚďŝŽŐĞŶŝĐEZǁĂƐƐŵĂůůĞƌƚŚĂŶƚŚĞŵĞĂƐƵƌĞĚƚŽƚĂů
EZ͘͟
>ŝŶĞƐϯϴϯͲϯϴϰ͗͞ĂŶĚƉǇŵĞƚƌŽǌŝŶĞƚŚĞďŝŽŐĞŶŝĐEZŝƐƐƵŐŐĞƐƚĞĚƚŽŵĂŬĞƵƉůĞƐƐƚŚĂŶϭϬйŽĨƚŚĞĨŽƌŵĞĚ
EZ͟
>ŝŶĞϰϬϮ͗͞ǁŝƚŚƐŽŵĞŽĨƚŚĞŵƵƐĞĚĞĂƌůŝĞƌŝŶ΀ϭϱ΁͘͟
>ŝŶĞƐϰϬϰͲϰϬϱ͗͞dŚĞďĂĐƚĞƌŝĂůŐƌŽǁƚŚǇŝĞůĚĞƐƚŝŵĂƚŝŽŶŵĞƚŚŽĚƐĂƌĞĂůůĚĞǀĞůŽƉĞĚƚŽƉƌĞĚŝĐƚƚŚĞƚƌƵĞǇŝĞůĚ͟
>ŝŶĞƐϰϬϱͲϰϬϳ͗͞dŚĞŽďƐĞƌǀĞĚǀĂůƵĞŝƐƚǇƉŝĐĂůůǇĂŶĞƚǇŝĞůĚĂĐĐŽƵŶƚŝŶŐŽŶůǇĨŽƌƚŚĞĨŽƌŵĂƚŝŽŶŽĨŶĞǁĐĞůů
ŵĂƐƐĂŶĚƌĞŵŽǀĂůŽĨƚŚĞƉĂƌĞŶƚĐŽŵƉŽƵŶĚ͟
>ŝŶĞƐϰϬϳͲϰϬϵ͗͞dŚĞĚŝĨĨĞƌĞŶĐĞďĞƚǁĞĞŶƚŚĞƚǁŽŝƐƚŚĂƚĨŽƌƚŚĞŽďƐĞƌǀĞĚǇŝĞůĚĞŶĞƌŐǇĂŶĚĐĂƌďŽŶ
ĞǆƉĞŶĚŝƚƵƌĞ͕ĚƵĞƚŽŶŽŶͲŐƌŽǁƚŚƉƵƌƉŽƐĞƐ͕ĂƌĞŶŽƚĐĂƉƚƵƌĞĚ͞
>ŝŶĞƐϰϬϵͲϰϭϬ͗͞;Ğ͘Ő͘ĞŶĞƌŐǇƐƉĞŶƚŽŶŵĂŝŶƚĞŶĂŶĐĞ͕ĨŽƌŵĂƚŝŽŶŽĨŵĞƚĂďŽůŝƚĞƐŽƌƐŽůƵďůĞŵŝĐƌŽďŝĂůƉƌŽĚƵĐƚƐ
ĂŶĚĞǆƚƌĂĐĞůůƵůĂƌƉŽůǇŵĞƌŝĐƐƵďƐƚĂŶĐĞƐͿ͟
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>ŝŶĞϰϭϭ͗͕͞ƵŶůĞƐƐĂĚǇŶĂŵŝĐŵŽĚĞůǁĂƐƵƐĞĚĨŽƌĨŝƚ͘,ĞŶĐĞ͕͟
>ŝŶĞϰϭϯͲϰϭϰ͗͞/ĨŚĂƌĚůǇĚĞŐƌĂĚĂďůĞŽƌŝŶƐŽůƵďůĞŵĞƚĂďŽůŝƚĞƐĂƌĞĨŽƌŵĞĚĂŶĚƌĞŶĚĞƌĞĚŶŽƚďŝŽĂǀĂŝůĂďůĞ;ĂƐ
EZ/Žƌ//Ϳ͕͟
>ŝŶĞƐϰϭϱͲϰϭϳ͗͞ĐĂŶĂůƐŽƌĞƐƵůƚŝŶĂŚŝŐŚĞƌĂŵŽƵŶƚŽĨĞŶĞƌŐǇďĞŝŶŐƐƉĞŶƚŽŶŵĂŝŶƚĞŶĂŶĐĞůĞĂĚŝŶŐƚŽĂŶ
ŽďƐĞƌǀĞĚǇŝĞůĚůŽǁĞƌƚŚĂŶƚŚĞƉƌĞĚŝĐƚĞĚƚƌƵĞǇŝĞůĚ͘͞
>ŝŶĞƐϰϮϬͲϰϮϮ͗͕͞ƚŚĞŝŶƚĞƌŵĞĚŝĂƚĞDWĂĐĐƵŵƵůĂƚĞĚ͕ƌĞƐƵůƚŝŶŐŝŶĂŶŽďƐĞƌǀĞĚǇŝĞůĚŵƵĐŚƚŚĂƚǁĂƐůŽǁĞƌ
ƚŚĂŶƚŚĞƉƌĞĚŝĐƚĞĚǇŝĞůĚ;dĂďůĞϰͿ͘͟
>ŝŶĞƐϰϮϰͲϰϮϱ͗͞dŚĞƉƌĞƐĞŶĐĞŽĨŽƚŚĞƌƐŽƵƌĐĞƐŽĨĐĂƌďŽŶŽƌĞŶĞƌŐǇ;ŵŝǆĞĚƐƵďƐƚƌĂƚĞƵƐĞͿĂůƐŽĂĚĚƐ
ƵŶĐĞƌƚĂŝŶƚǇƚŽƚŚĞŽďƐĞƌǀĞĚǀĂůƵĞ͘͟
>ŝŶĞƐϰϯϭͲϰϯϮ͗͞hŶĚĞƌƚŚĞƐĞĐŽŶĚŝƚŝŽŶƐ͕ŵŝĐƌŽďĞƐƵƐĞŵŽƐƚŽĨƚŚĞŐƌŽǁƚŚƐƵďƐƚƌĂƚĞũƵƐƚĨŽƌŵĂŝŶƚĞŶĂŶĐĞ
΀ϱϭ΁͘͟
>ŝŶĞƐϰϰϭͲϰϰϮ͗͞dŚŝƐƐŚŽǁƐƚŚĂƚƚŚĞŚĂůĨͲƌĞĂĐƚŝŽŶĂƉƉƌŽĂĐŚƵƐŝŶŐǀĂƌŝŽƵƐĞůĞĐƚƌŽŶĂĐĐĞƉƚŽƌƐƵƐĞĚŝŶddzD
ĂŶĚdDϮĐĂŶĂůƐŽďĞƵƐĞĚǁŝƚŚDd͟
>ŝŶĞϰϱϯ͗͞ƚŚĞdDϮŵĞƚŚŽĚǁĂƐĐĂůŝďƌĂƚĞĚƚŽƚŚĞĚĂƚĂŝŶŽƌĚĞƌƚŽƉƌŽĚƵĐĞǇŝĞůĚĞƐƚŝŵĂƚĞƐ͟
>ŝŶĞϰϱϲ͗͞ƉƌŽƉŽƐĞĚĨŽƌƚŚĞddzDŵĞƚŚŽĚ΀Ϯϰ΁͘͞
>ŝŶĞϰϱϴ͗͞ĞƐƚŝŵĂƚĞĚŝƚĂƐǌĞƌŽĚƵĞƚŽƚŚĞĂďƐĞŶĐĞŽĨͲ,ďŽŶĚƐ;ǁŚŝĐŚƉŽŝŶƚƐƚŽƚŚĞŶĞĞĚĨŽƌĂ͟
>ŝŶĞϰϴϵ͗͘͞,ŽǁĞǀĞƌ͕ƐƉĞĐŝĂƚŝŽŶŽĨƚŚĞƐƵďƐƚƌĂƚĞĂůƐŽŚĂƐĂŶĞĨĨĞĐƚŽŶŝƚƐ'ŝďďƐĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶ͘͟
>ŝŶĞϰϵϬ͗͞^ŝŵŝůĂƌůǇ͕ƚŚĞƐĞŶƐŝƚŝǀŝƚǇŽĨƚŚĞĞŶĞƌŐǇĐĂƉƚƵƌĞĞĨĨŝĐŝĞŶĐǇƉĂƌĂŵĞƚĞƌɸ͟
>ŝŶĞϰϵϲ͗͞dŚĞƉĞĂŬŝŶůŝǀŝŶŐďŝŽŵĂƐƐŝƐƵƐƵĂůůǇĂĨƚĞƌĂĨĞǁĚĂǇƐƚŽǁĞĞŬƐ΀ϯϴ͕ϯϵ΁͕͟
>ŝŶĞƐϱϬϴͲϱϭϬ͗͞tĞƐƵŐŐĞƐƚĞĚƐƵĐŚĂŵŽĚĞůŝŶ΀ϴ΁ĂŶĚƵƐĞĚŝƚƐƵĐĐĞƐƐĨƵůůǇ͕ĨŽƌƚŚĞƉƌĞĚŝĐƚŝŽŶŽĨƚŚĞEZ
ĨŽƌŵĂƚŝŽŶĨƌŽŵϮ͕ϰͲĂŶĚŝďƵƉƌŽĨĞŶǁŝƚŚƉƌĞͲĞƐƚŝŵĂƚĞĚǇŝĞůĚĚĂƚĂ΀ϭϱ΁͘͟
>ŝŶĞϱϭϭ͗͞dŚĞĚĂƚĂĐŽŵƉŝůĞĚďǇ΀ϯϲ΁ŐŝǀĞŶŽŚŝŶƚƐŝŶƚŽǁŚŝĐŚĨŽƌŵƚŚĞEZĂƌĞƉƌĞƐĞŶƚ͟
>ŝŶĞϱϭϲ͗͞ĚŽŶĞ͟ĚĞůĞƚĞĚ͗͞/ŶĚĞŐƌĂĚĂƚŝŽŶĞǆƉĞƌŝŵĞŶƚƐǁŝƚŚŵĞƚĂŵŝƚƌŽŶ΀ϰϯ΁͕ŐůǇƉŚŽƐĂƚĞ΀ϰϮ΁͟
>ŝŶĞƐϱϭϴͲϱϭϵ͗͞ĂŵŝŶŽĂĐŝĚƐ͕ĨĂƚƚǇĂĐŝĚƐ͕ŵĞƚĂďŽůŝƚĞƐ͕ĂŶĚƉĂƌĞŶƚĐŽŵƉŽƵŶĚƐ͘͟
>ŝŶĞƐϱϮϱͲϱϮϲ͗͞dŚĞŵĞƚŚŽĚĂƉƉůŝĞĚŝŶƚŚŝƐƐƚƵĚǇƉƌŽǀŝĚĞƐƉƌŽĐĞƐƐͲďĂƐĞĚƚŚĞŽƌĞƚŝĐĂůďĂĐŬŐƌŽƵŶĚƚŚĂƚŵĂǇ
ďĞƵƐĞĚƚŽŝŶƚĞƌƉƌĞƚEZĚĂƚĂĚĞƌŝǀĞĚŝŶĚĞŐƌĂĚĂƚŝŽŶĞǆƉĞƌŝŵĞŶƚƐ͘͟
>ŝŶĞƐϱϯϰͲϱϯϱ͗͟ǁŚŝůĞDdƉĞƌĨŽƌŵĞĚďĞƚƚĞƌǁŚĞŶĞƐƚŝŵĂƚŝŶŐƚŚĞǇŝĞůĚŽŶŽƌŐĂŶŝĐĐŚĞŵŝĐĂůƐŽĨ
ĞŶǀŝƌŽŶŵĞŶƚĂůĐŽŶĐĞƌŶŝŶŐĞŶĞƌĂůĂŶĚŝŶƉĂƌƚŝĐƵůĂƌŽŶƉĞƐƚŝĐŝĚĞƐ͘͟
>ŝŶĞϴϬϴ͗͞WƌĞĚŝĐƚŝŽŶƐĂƌĞĞǀĂůƵĂƚĞĚƵƐŝŶŐĂǀĂŝůĂďůĞĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂ͘͟
>ŝŶĞϴϮϲ͗͞sĂůƵĞƐŚŝŐŚůŝŐŚƚĞĚŝŶďŽůĚĂƌĞŶĞŐĂƚŝǀĞĂŶĚƚŚƵƐŶŽƚŵĞĂŶŝŶŐĨƵů͘͟
ϲ͘ůŝŶĞƐϲϱϬͲϲϲϲĂŶĚϳϯϯͲϳϯϲ͗dŚŝƐĞǆƚĞŶƐŝǀĞĚŝƐĐƵƐƐŝŽŶĂŶĚƌĞůĂƚĞĚĐŽŶĐůƵƐŝŽŶƐĂƌĞŵĞĂŶŝŶŐůĞƐƐĂŶĚƐŚŽƵůĚ
ďĞĚĞůĞƚĞĚ͘'ŝďďƐĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶĐĂŶďĞĞĂƐŝůǇĐĂůĐƵůĂƚĞĚĨŽƌĂŶǇĐŚĞŵŝĐĂůďǇƋƵĂŶƚƵŵͲŵĞĐŚĂŶŝĐĂů
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ŵĞƚŚŽĚƐ͘dŚƵƐ͕ĂŶǇůŝŵŝƚĂƚŝŽŶŽĨŐƌŽƵƉĐŽŶƚƌŝďƵƚŝŽŶŵĞƚŚŽĚƐŝƐŝƌƌĞůĞǀĂŶƚĂŶĚŝƚĂůƐŽĚŽĞƐŶŽƚŵĂŬĞƐĞŶƐĞ
ƚŽƐĞƚƚŚĞ'ŝďďƐĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶƚŽǌĞƌŽ͘

WůĞĂƐĞĂůůŽǁƚŚĂƚĂƚƚŚŝƐŽŶĞŝƐƐƵĞǁĞĚŝƐĂŐƌĞĞǁŝƚŚƚŚĞƌĞǀŝĞǁĞƌ͘/ƚŵĂǇďĞƉŽƐƐŝďůĞƚŽŐĞƚĞǆĂĐƚǀĂůƵĞƐŽĨ
'ŝďďƐĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶ͕ďƵƚƉĞƌƐŽŶĂůůǇǁĞŚĂĚƐŽŵĞĚŝĨĨŝĐƵůƚŝĞƐƚŽĨŝŶĚƚŚĞǀĂůƵĞƐŽĨƐĞǀĞƌĂůŽƌŐĂŶŝĐ
ĐŚĞŵŝĐĂůƐĂŶĚǁĞĂůƐŽĨŽƵŶĚŵĂŶǇĐŽŶĨůŝĐƚŝŶŐĚĂƚĂŽĨĚĞůƚĂ'͘tĞĞǆƉĞĐƚŽƚŚĞƌƵƐĞƌƐƚŽŚĂǀĞƐŝŵŝůĂƌ
ĞǆƉĞƌŝĞŶĐĞƐ͘/ƚŝƐƚŚĞƌĞĨŽƌĞĂƌĞůĞǀĂŶƚŵĞƐƐĂŐĞƚŚĂƚƐŵĂůůĞƌƌŽƌŽƌĞǀĞŶŵŝƐƐŝŶŐĚĞůƚĂ'ĚŽĞƐŶŽƚŝŶŚŝďŝƚ
ŐŽŽĚĞƐƚŝŵĂƚĞƐŽĨƚŚĞŵŝĐƌŽďŝĂůǇŝĞůĚŽĨǆĞŶŽďŝŽƚŝĐƐ͘EŽŶĞƚŚĞůĞƐƐ͕ǁĞƐŚŽƌƚĞŶĞĚƚŚŝƐƐĞĐƚŝŽŶŝŶϰ͘ϮƐŽƚŚĂƚŝƚ
ŝƐůĞƐƐĞǆƚĞŶƐŝǀĞ͕ĂŶĚǁĞĚĞůĞƚĞĚƚŚĞůŝŶĞƐŝŶƚŚĞĐŽŶĐůƵƐŝŽŶƐ͕ĞǆĐĞƉƚŽŶĞ͕ǁŚŝĐŚŶŽǁƌĞĂĚƐ;ůŝŶĞƐϱϰϭͲϱϰϯͿ͗

ΗůůŵĞƚŚŽĚƐƐŚŽǁĞĚůŽǁƐĞŶƐŝƚŝǀŝƚǇƚŽǀĂƌŝĂƚŝŽŶƐŝŶƚŚĞ'ŝďďƐĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶŽĨƚŚĞŽƌŐĂŶŝĐĐŚĞŵŝĐĂůƐ
ďĞĐĂƵƐĞŵŽƐƚŽĨƚŚĞ'ŝďďƐĞŶĞƌŐǇŽĨƌĞĂĐƚŝŽŶƐƚĞŵƐĨƌŽŵƚŚĞĨŽƌŵĂƚŝŽŶŽĨƚŚĞŽǆŝĚĂƚŝŽŶƉƌŽĚƵĐƚƐĐĂƌďŽŶ
ĚŝŽǆŝĚĞĂŶĚǁĂƚĞƌ͘
^ĞĐƚŝŽŶϰ͘Ϯ^ĞŶƐŝƚŝǀŝƚǇĂŶĂůǇƐŝƐŶŽǁƌĞĂĚƐ;ůŝŶĞƐϰϲϮͲϰϳϴͿ͗
͞ůůƚŚĞŵĞƚŚŽĚƐǁĞƌĞƐŚŽǁŶƚŽďĞƐĞŶƐŝƚŝǀĞƚŽƚŚĞĐŚŽŝĐĞŽĨĐĞůůĨŽƌŵƵůĂďƵƚĞǆŚŝďŝƚĞĚůŽǁƐĞŶƐŝƚŝǀŝƚǇƚŽ
ǀĂƌŝĂƚŝŽŶƐŽĨƚŚĞĨŽƌŵĂƚŝŽŶĞŶĞƌŐǇ͕ȴ'ĨΣ͕͛ŽĨƚŚĞĐŚĞŵŝĐĂůŽĨŝŶƚĞƌĞƐƚ͘ůůŵĞƚŚŽĚƐĂƌĞďĂƐĞĚŽŶƚŚĞ'ŝďďƐ
ĞŶĞƌŐǇŽĨƌĞĂĐƚŝŽŶĂŶĚŬŶŽǁůĞĚŐĞŽĨƚŚĞ'ŝďďƐĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶŽĨƚŚĞĐŚĞŵŝĐĂůŽĨŝŶƚĞƌĞƐƚŝƐŶĞĞĚĞĚ͘/Ĩ
ƚŚĞǀĂůƵĞŚĂƐŶŽƚďĞĞŶĚĞƚĞƌŵŝŶĞĚĞǆƉĞƌŝŵĞŶƚĂůůǇ;Ğ͘Ő͘΀ϱϮ΁Ϳ͕ŝƚĐĂŶďĞĞƐƚŝŵĂƚĞĚƵƐŝŶŐŐƌŽƵƉĐŽŶƚƌŝďƵƚŝŽŶ
ŵĞƚŚŽĚƐ΀ϱϯͲϱϴ΁;ŵĞƚŚŽĚ΀ϱϯ΁ŝƐŝŵƉůĞŵĞŶƚĞĚŝŶƚŚĞĨƌĞĞůǇĂǀĂŝůĂďůĞŚĞŵWƌŽƉ΀ϱϵ΁Ϳ͕ŽƌďǇĐŽŵƉŽŶĞŶƚ
ĐŽŶƚƌŝďƵƚŝŽŶŵĞƚŚŽĚƐ΀ϲϬ΁;ŝŵƉůĞŵĞŶƚĞĚŝŶƚŚĞĨƌĞĞĂĐĐĞƐƐŝďůĞĚĂƚĂďĂƐĞĞYƵŝůŝďƌĂƚŽƌ΀ϲϭ΁Ϳ͕ŽƌĐĂůĐƵůĂƚĞĚ
ƵƐŝŶŐƋƵĂŶƚƵŵŵĞĐŚĂŶŝĐƐ΀ϲϮ΁͘&ŽƌǆĞŶŽďŝŽƚŝĐƐ͕ƚŚĞĂƉƉůŝĐĂďŝůŝƚǇŽĨƚŚĞƐĞĞƐƚŝŵĂƚŝŽŶŵĞƚŚŽĚƐŵĂǇďĞ
ůŝŵŝƚĞĚ͘ŽŶƐĞƋƵĞŶƚůǇ͕ǁĞĂůƐŽƚĞƐƚĞĚƚŚĞƐĞŶƐŝƚŝǀŝƚǇŽĨ'ŝďďƐĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶŽĨƚŚĞǆĞŶŽďŝŽƚŝĐ
ƐƵďƐƚƌĂƚĞďǇƐĞƚƚŝŶŐƚŚŝƐǀĂůƵĞƚŽϬŬ:ŵŽůͲϭ;dĂďůĞ^ϯͿ͘dŚĞDdŵĞƚŚŽĚŚĂƐƐƵƌƉƌŝƐŝŶŐůǇůŽǁƐĞŶƐŝƚŝǀŝƚǇ͘
ŽŵƉŽƵŶĚƐŚĂǀŝŶŐĂůĂƌŐĞŶĞŐĂƚŝǀĞ'ŝďďƐĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶ;Ğ͘Ő͘Ed͕d͕ĂŶĚŐůǇƉŚŽƐĂƚĞͿĂŶĚĨĞǁ
ĐĂƌďŽŶͲŚǇĚƌŽŐĞŶďŽŶĚƐ;ϲ͕ϴ͕ĂŶĚϰ͕ƌĞƐƉĞĐƚŝǀĞůǇͿƐŚŽǁĂŵĂǆŝŵƵŵĚĞǀŝĂƚŝŽŶŽĨĂƌŽƵŶĚϮϬйĨƌŽŵƚŚĞ
ƉƌĞĚŝĐƚŝŽŶƐĚŽŶĞǁŝƚŚĐŽƌƌĞĐƚ'ŝďďƐĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶ͘KǀĞƌĂůů͕ƚŚĞĂǀĞƌĂŐĞĚĞǀŝĂƚŝŽŶŝƐŽŶůǇϲй͘/Ŷ
ĐŽŵƉĂƌŝƐŽŶ͕dDϮĂŶĚddzDŚĂǀĞĐŽŶƐŝĚĞƌĂďůǇŚŝŐŚĞƌĂǀĞƌĂŐĞĚĞǀŝĂƚŝŽŶ;ϭϰйĂŶĚϭϭй͕ƌĞƐƉĞĐƚŝǀĞůǇͿ͘͞


^ƉĞĐŝĨŝĐWƌŽďůĞŵƐŽƌƌƌŽƌƐ͗
ϭ͘ůŝŶĞϱϰ͗ZĞĨĞƌĞŶĐĞƐϭϯĂŶĚϭϱĂƌĞďĂƌĞůǇƐƵŝƚĂďůĞƚŽƐƵƉƉŽƌƚƚŚĞĐƵƌƌĞŶƚƐƚĂƚƵƐŽŶŵŽĚĞůŝŶŐĂŶĚ
ĂƐƐĞƐƐŵĞŶƚŽĨďŝŽĚĞŐƌĂĚĂƚŝŽŶ͘ZĞĨĞƌĞŶĐĞϭϯŝƐũƵƐƚĂƚĞĐŚŶŝĐĂůĐŽůůĞĐƚŝŽŶŽĨƉƵďůŝƐŚĞĚY^ZŵŽĚĞůƐǁŝƚŚŽƵƚ
ĂŶǇĐƌŝƚŝĐĂůĞǀĂůƵĂƚŝŽŶŽĨƚŚŽƐĞŵŽĚĞůƐǁŚŝůĞƌĞĨĞƌĞŶĐĞϭϱŝƐŽŶůǇĚĞƐĐƌŝďŝŶŐŝŽĐĂƚĂůǇƐŝƐͬŝŽĚĞŐƌĂĚĂƚŝŽŶ
ĂƚĂďĂƐĞĂŶĚƚŚĞŝŵƉƌŽǀĞĚƉƵďůŝĐĂĐĐĞƐƐƚŽƚŚŝƐĚĂƚĂďĂƐĞ͘dŚƵƐ͕ƚŚŽƐĞƌĞĨĞƌĞŶĐĞƐƐŚŽƵůĚďĞĞŝƚŚĞƌ
ƌĞƉůĂĐĞĚŽƌ͕ĂƚůĞĂƐƚ͕ĂŵĞŶĚĞĚďǇƚŚĞƌĞĐĞŶƚĐƌŝƚŝĐĂůƌĞǀŝĞǁŽŶƚŚĞŵŽƐƚƌĞůĞǀĂŶƚƋƵĂůŝƚĂƚŝǀĞĂŶĚ
ƋƵĂŶƚŝƚĂƚŝǀĞŵŽĚĞůƐĨŽƌĞƐƚŝŵĂƚŝŶŐŽƌĞǀĂůƵĂƚŝŶŐďŝŽĚĞŐƌĂĚĂƚŝŽŶŽĨŽƌŐĂŶŝĐĐŚĞŵŝĐĂůƐĂŶĚƉƵďůŝƐŚĞĚŝŶ^
^ǇŵƉŽƐŝƵŵ^ĞƌŝĞƐ͗
͘^ĂďůũŝĐĂŶĚz͘EĂŬĂŐĂǁĂ͕ŝŽĚĞŐƌĂĚĂƚŝŽŶĂŶĚƋƵĂŶƚŝƚĂƚŝǀĞƐƚƌƵĐƚƵƌĞͲĂĐƚŝǀŝƚǇƌĞůĂƚŝŽŶƐŚŝƉ;Y^ZͿ͕ŝŶEŽŶͲ
&ŝƌƐƚKƌĚĞƌĞŐƌĂĚĂƚŝŽŶĂŶĚdŝŵĞͲĞƉĞŶĚĞŶƚ^ŽƌƉƚŝŽŶŽĨKƌŐĂŶŝĐŚĞŵŝĐĂůƐŝŶ^Žŝů͕t͘ŚĞŶ͕͘^ĂďůũŝĐ͕^͘͘
ƌǇĞƌĂŶĚZ͘^͘<ŽŽŬĂŶĂ͕ĞĚƐ͕ŽŽŬ^ĞƌŝĞƐ͗^^ǇŵƉŽƐŝƵŵ^ĞƌŝĞƐ͕ŵĞƌŝĐĂŶŚĞŵŝĐĂů^ŽĐŝĞƚǇ͕tĂƐŚŝŶŐƚŽŶ
;Ϳ͕sŽůƵŵĞϭϭϳϰ͕ϮϬϭϰ͕ƉƉ͘ϱϳͲϴϰ͘
tĞƚŚĂŶŬƚŚĞƌĞǀŝĞǁĞƌĨŽƌƚŚĞĐŽŵŵĞŶƚ͘ĨƚĞƌƌĞĂĚŝŶŐƚŚĞƐƵŐŐĞƐƚĞĚůŝƚĞƌĂƚƵƌĞ͕ǁĞŚĂǀĞŝŶĐůƵĚĞĚŝƚĂƐĂ
ƌĞĨĞƌĞŶĐĞĂŶĚƌĞŵŽǀĞĚƌĞĨĞƌĞŶĐĞϭϱ͘


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Ϯ͘ůŝŶĞƐϭϭϱͲϭϭϳ͗ĞůĞƚĞƚŚŝƐƐĞŶƚĞŶĐĞƐŝŶĐĞŝƚŽŶůǇƌĞƉĞĂƚƐƉƌĞǀŝŽƵƐƐƚĂƚĞŵĞŶƚ͘
dŚĞƐĞŶƚĞŶĐĞǁĂƐĚĞůĞƚĞĚ͘
ϯ͘ůŝŶĞϭϵϯ͗/ƚƐĞĞŵƐƚŚĂƚǀĂƌŝĂďůĞzdWŚĂƐŶŽƚďĞĞŶĚĞĨŝŶĞĚ͘
WůĞĂƐĞŶŽƚĞ͕ƚŚĂƚƚŚŝƐƐĞŶƚĞŶĐĞŚĂƐďĞĞŶĚĞůĞƚĞĚĨƌŽŵƚŚĞŵĂŶƵƐĐƌŝƉƚĂŶĚŵŽǀĞĚƚŽƚŚĞƐƵƉƉůĞŵĞŶƚĂƌǇ
ŝŶĨŽƌŵĂƚŝŽŶ͘;>ŝŶĞ^/ϱϴͿ
ƵĞƚŽƚŚĞĐŚĂŶŐĞƐŵĂĚĞƚŽƚŚĞDĂƚĞƌŝĂůĂŶĚDĞƚŚŽĚƐƐĞĐƚŝŽŶ͕zdWŝƐŶŽǁĚĞĨŝŶĞĚŝŶdĂďůĞϭ͘
ϰ͘ůŝŶĞϮϲϲ͗͞;DĐĂƌƚǇϮϬϬϳͿ͕͟ǁƌŽŶŐĨŽƌŵĂƚĨŽƌƚŚŝƐƌĞĨĞƌĞŶĐĞ
dŚĞƌĞĨĞƌĞŶĐĞŚĂƐďĞĞŶĐŚĂŶŐĞĚƚŽƚŚĞĐŽƌƌĞĐƚĨŽƌŵĂƚ͗
͞΀Ϯϯ΁͟
WůĞĂƐĞŶŽƚĞ͕ƚŚĂƚƚŚŝƐƐĞŶƚĞŶĐĞŚĂƐďĞĞŶĚĞůĞƚĞĚĨƌŽŵƚŚĞŵĂŶƵƐĐƌŝƉƚĂŶĚŵŽǀĞĚƚŽƚŚĞƐƵƉƉůĞŵĞŶƚĂƌǇ
ŝŶĨŽƌŵĂƚŝŽŶ͘
ϱ͘ůŝŶĞϯϱϮ͗&ƌŽŵŚĞƌĞƚŚĞĂƵƚŚŽƌƐŚĂǀĞƐƚĂƌƚĞĚƚŽŶƵŵďĞƌƐĞĐƚŝŽŶƐĂŶĚƐƵďͲƐĞĐƚŝŽŶƐ͘tŚǇ͍WƌĞǀŝŽƵƐ
ƐĞĐƚŝŽŶƐĂŶĚƐƵďͲƐĞĐƚŝŽŶƐĂƌĞŶŽƚŶƵŵďĞƌĞĚ͘
dŚĞƵŶͲŶƵŵďĞƌĞĚƐĞĐƚŝŽŶƐĂŶĚƐƵďƐĞĐƚŝŽŶƐŚĂǀĞŶŽǁďĞĞŶŶƵŵďĞƌĞĚ͘
>ŝŶĞϯϵ͗͞ϭ͘/ŶƚƌŽĚƵĐƚŝŽŶ͟
>ŝŶĞϭϭϳ͗͞Ϯ͘DĂƚĞƌŝĂůƐĂŶĚDĞƚŚŽĚƐ͟
>ŝŶĞϭϯϮ͗͞Ϯ͘ϭDŝĐƌŽďŝĂůdƵƌŶŽǀĞƌƚŽŝŽŵĂƐƐ;DdͿ͟
>ŝŶĞϭϱϬ͗͞Ϯ͘ϮdŚĞƌŵŽĚǇŶĂŵŝĐůĞĐƚƌŽŶƋƵŝǀĂůĞŶƚDŽĚĞůϮ;dDϮͿ͟
>ŝŶĞϭϲϰ͗͞Ϯ͘ϯǆƉĂŶĚĞĚdŚĞƌŵŽĚǇŶĂŵŝĐdƌƵĞzŝĞůĚWƌĞĚŝĐƚŝŽŶDŽĚĞů;ddzDͿ͟
>ŝŶĞϭϳϳ͗͞Ϯ͘ϰŽŶĚŝƚŝŽŶƐĨŽƌĐŽŵƉĂƌŝƐŽŶ͟
>ŝŶĞϮϮϮ͗͞Ϯ͘ϱŚĞŵŝĐĂůƐŽĨĞŶǀŝƌŽŶŵĞŶƚĂůĐŽŶĐĞƌŶ͖ĚĂƚĂ͟
>ŝŶĞϮϰϮ͗͞Ϯ͘ϲĂůĐƵůĂƚŝŽŶŽĨďŝŽŐĞŶŝĐŶŽŶͲĞǆƚƌĂĐƚĂďůĞƌĞƐŝĚƵĞƐ͟

ϲ͘ůŝŶĞƐϯϲϯͲϯϲϰ͗͞^KϰϮͲŝƐŽǆŝĚŝƐĞĚƚŽ,Ϯ^ĂŶĚ,^Ͳ͕EKϯͲƚŽEϮ͕KϮƚŽ,ϮK͕͍͊͟ŽǇŽƵŵĞĂŶƌĞĚƵĐĞĚ͍ůƐŽ
͞ŽǆŝĚŝǌĞĚ͟ŝƐh^ƐƉĞůůŝŶŐƵƐĞĚŝŶƚŚŝƐŵĂŶƵƐĐƌŝƉƚ͘
dŚĂŶŬǇŽƵĨŽƌƉŽŝŶƚŝŶŐƚŚŝƐŽƵƚ͘zĞƐ͕ŝƚŝƐŶŽƚŽǆŝĚĂƚŝŽŶďƵƚƌĞĚƵĐƚŝŽŶĂƐƚŚĞǇĂƌĞĂůůĞůĞĐƚƌŽŶĂĐĐĞƉƚŽƌƐ͘
͞KǆŝĚŝƐĞĚ͟ŚĂƐďĞĞŶĐŚĂŶŐĞĚƚŽ͞ƌĞĚƵĐĞĚ͟ŽŶůŝŶĞϭϵϴ͗͗͞^KϰϮͲŝƐƌĞĚƵĐĞĚƚŽ,Ϯ^ĂŶĚ,^Ͳ͕EKϯͲƚŽEϮ͕KϮƚŽ
,ϮK͕ƚŽKϮ͟


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ϳ͘ůŝŶĞƐϰϬϵͲϰϰϮ͗dŚĞĐŽŶƚĞŶƚŽĨƐƵďͲƐĞĐƚŝŽŶ͞Ϯ͘ϯĂůĐƵůĂƚŝŽŶŽĨďŝŽŐĞŶŝĐŶŽŶͲĞǆƚƌĂĐƚĂďůĞƌĞƐŝĚƵĞƐ͟ŝƐ
ĚĞƐĐƌŝďĞĚŝŶĚĞƚĂŝůƐŝŶƌĞĨĞƌĞŶĐĞϭϲĂŶĚŽŶůǇƉŽŝŶƚƐƌĞůĞǀĂŶƚĨŽƌƚŚĞŵĂŝŶŽďũĞĐƚŝǀĞŽĨƚŚŝƐƐƚƵĚǇƐŚŽƵůĚďĞ
ďƌŝĞĨůǇƉƌĞƐĞŶƚĞĚŝŶƚŚŝƐƐƵďͲƐĞĐƚŝŽŶ͘
dŚĂŶŬǇŽƵĨŽƌƚŚĞĐŽŵŵĞŶƚ͘dŚĞƐƵďͲƐĞĐƚŝŽŶŚĂƐďĞĞŶƌĞǀŝƐĞĚĂŶĚƌĞĚƵĐĞĚŽŶĞƚŚŝƌĚ͘/ƚŶŽǁƌĞĂĚƐ;>ŝŶĞƐ
ϮϰϯͲϮϲϰͿ͗
͞ŚĞŵŝĐĂůƐůĂďĞůůĞĚǁŝƚŚĐĂƌďŽŶŝƐŽƚŽƉĞƐ;ϭϰŽƌϭϯͿĂůůŽǁĞĚƚŚĞĨůŽǁŽĨĐĂƌďŽŶƚŽďĞƚƌĂĐŬĞĚŝŶ
ƚŚĞĞǆƉĞƌŝŵĞŶƚĂůƐǇƐƚĞŵ΀ϯϴͲϰϭ΁͘/ĨƚŚĞĐŽŵƉŽƵŶĚƉƌŽǀŝĚĞƐĐĂƌďŽŶƚŽĂŶĂďŽůŝƐŵĂŶĚĐĞůůƐǇŶƚŚĞƐŝƐ͕ƚŚĞ
ůĂďĞůůĞĚĐĂƌďŽŶǁŝůůĞŶĚƵƉŝŶŵŝĐƌŽďŝĂůďŝŽŵĂƐƐĂŶĚĨŝŶĂůůǇŝŶƚŚĞďŝŽŐĞŶŝĐEZ͘ŝŽŐĞŶŝĐEZŝƐŶŽƚƉŽƐŝŶŐ
ĂƌŝƐŬƚŽŶĞŝƚŚĞƌƚŚĞĞŶǀŝƌŽŶŵĞŶƚŶŽƌŚƵŵĂŶŚĞĂůƚŚ΀ϴ΁͘tŚĞŶĂƐƵďƐƚƌĂƚĞ^ŝƐŵŝŶĞƌĂůŝǌĞĚ͕ƚŚĞĂŵŽƵŶƚŽĨ
ďŝŽŵĂƐƐĨŽƌŵĞĚŝƐǇŝĞůĚƚŝŵĞƐƐƵďƐƚƌĂƚĞ͕ܻ ൈ ͕ܵĂŶĚƚŚĞĞǀŽůǀĞĚKϮŝƐሺͳ െ ܻሻ ൈ ܵ΀ϭϱ΁͘ĨƚĞƌƚŚĞŐƌŽǁƚŚ
ƉŚĂƐĞŚĂƐƐƚŽƉƉĞĚ͕ƚŚĞŵĂǆŝŵƵŵƌĂƚŝŽďĞƚǁĞĞŶďŝŽŵĂƐƐĂŶĚKϮĂŶĚŝƐƚŚƵƐ
ൣ௑್೔೚೒೐೙೔೎ಿಶೃ൧
ሾ஼ைమሿ ൌ
௒ௌ
ሺଵି௒ሻௌ ൣܺ௕௜௢௚௘௡௜௖ோோ൧ ൌ
௒
ଵି௒ ሾܥܱଶሿ   ;ϯͿ
ǁŚĞƌĞyďŝŽŐĞŶŝĐEZŝƐƚŚĞďŝŽŵĂƐƐŵĂŬŝŶŐƵƉƚŚĞůŝǀŝŶŐďŝŽŐĞŶŝĐEZ͘ĨƚĞƌƚŚĞĐĞƐƐĂƚŝŽŶŽĨƚŚĞŐƌŽǁƚŚƉŚĂƐĞ͕
ƚŚĞŵŝĐƌŽŽƌŐĂŶŝƐŵƐƐƚĂƌƚƚŽĚĞĐĂǇ͘dŚĞĚĞĂĚŵŝĐƌŽŽƌŐĂŶŝƐŵƐĂƌĞƚƵƌŶĞĚŽǀĞƌŝŶƚŚĞŵŝĐƌŽďŝĂůĨŽŽĚĐŚĂŝŶ
ĂŶĚĨŽƌŵŶĞǁďŝŽŵĂƐƐ͕KϮĂŶĚƐŽŝůŽƌŐĂŶŝĐŵĂƚƚĞƌ;^KDͿ΀ϯϬͲϯϯ΁͘dŚĞŶ͕ƚŚĞƌĂƚŝŽďĞƚǁĞĞŶďŝŽŐĞŶŝĐEZ
ĂŶĚϭϯͬϭϰKϮďĞĐŽŵĞƐ΀ϭϱ΁
ൣௌைெ್೔೚೒೐೙೔೎ಿಶೃ൧
ሾ஼ைమሿ ൌ
௙ൈ௒
ሺଵି௒ሻାሺଵି௙ሻൈ௒ ൣܱܵܯ௕௜௢௚௘௡௜௖ோோ൧ ൌ
௙ൈ௒
ሺଵି௒ሻାሺଵି௙ሻൈ௒ ሾܥܱଶሿ ;ϰͿ

ǁŚĞƌĞ^KDďŝŽŐĞŶŝĐEZŝƐƚŚĞŶŽŶͲůŝǀŝŶŐďŝŽŐĞŶŝĐEZ͕ĨŝƐƚŚĞĨƌĂĐƚŝŽŶŽĨĚĞĐĂǇŝŶŐďŝŽŵĂƐƐƚƵƌŶĞĚŽǀĞƌŝŶƚŽ
ďŽƚŚůŝǀŝŶŐďŝŽŵĂƐƐĂŶĚŶŽŶͲůŝǀŝŶŐ^KD;Ϭ͘ϱ͕΀ϯϯ΁Ϳ͕ĂŶĚϭͲĨŝƐƚŚĞĨƌĂĐƚŝŽŶŽĨůĂďĞůƌĞůĞĂƐĞĚĂƐKϮ͘Ƌ͘;ϯͿ
ĐĂŶďĞƵƐĞĚƚŽĞƐƚŝŵĂƚĞEZĨŽƌŵĂƚŝŽŶĚƵƌŝŶŐƐŚŽƌƚͲƚĞƌŵĞǆƉĞƌŝŵĞŶƚƐ͕ǁŚĞƌĞĂƐƋ͘;ϰͿŚŽůĚƐĨŽƌůŽŶŐͲƚĞƌŵ
ĞǆƉĞƌŝŵĞŶƚƐ͘/ƚĐĂŶďĞƐĞĞŶƚŚĂƚĂŚŝŐŚŵŝŶĞƌĂůŝǌĂƚŝŽŶĂŶĚKϮĨŽƌŵĂƚŝŽŶƚŽŐĞƚŚĞƌǁŝƚŚĂŚŝŐŚďĂĐƚĞƌŝĂů
ŐƌŽǁƚŚǇŝĞůĚůĞĂĚƐƚŽĂŚŝŐŚĨŽƌŵĂƚŝŽŶŽĨďŝŽŐĞŶŝĐEZ͘͟
ϴ͘ůŝŶĞƐϱϲϵͲϱϳϬ͗/ŶdĂďůĞϳƚŚĞƉƌĞĚŝĐƚĞĚĂŶĚŵĞĂƐƵƌĞĚďŝŽŐĞŶŝĐEZƐĂƌĞŶŽƚƐŝŵŝůĂƌĨŽƌϮ͕ϰͲ͘ůĂƌŝĨǇ͘
dŚŝƐƌĞƋƵŝƌĞƐƐŽŵĞĞǆƉůĂŶĂƚŝŽŶ͘/ŶƚŚĞĨŽƵƌĐĂƐĞƐǁŚĞƌĞďŝŽŐĞŶŝĐEZǁĂƐƌĞƉŽƌƚĞĚ;<ĂƌŽůŝŶĂEŽǁĂŬĂŶĚ
ŚĞƌĐŽͲǁŽƌŬĞƌƐͿ͕ƚŚĞĂƵƚŚŽƌƐƚŽŽŬƚŚĞŵĞĂƐƵƌĞĚůĂďĞůŝŶĂŵŝŶŽĂĐŝĚƐĂŶĚŵƵůƚŝƉůŝĞĚǁŝƚŚĨĂĐƚŽƌϮ͘dŚŝƐ
ĨĂĐƚŽƌƐƚĞŵƐĨƌŽŵƚŚĞƉƌŽƚĞŝŶĐŽŶƚĞŶƚ;ĂďŽƵƚϱϬйͿŝŶůŝǀŝŶŐŵŝĐƌŽďĞƐ͘,ŽǁĞǀĞƌ͕ĂƐƐĞĞŶĨƌŽŵƚŚĞEZ
ĞƋƵĂƚŝŽŶƐ;ŶŽǁƋ͘;ϯͿĂŶĚƋ͘;ϰͿͿ͕ƚŚĞďŝŽŐĞŶŝĐEZŝƐĐŽŵƉƌŝƐĞĚŽĨůŝǀŝŶŐĂŶĚĚĞĂĚďŝŽŵĂƐƐ͘ŶĚĨŽƌĚĞĂĚ
ďŝŽŵĂƐƐ͕ƚŚĞĨĂĐƚŽƌϮŝƐŶŽƚǀĂůŝĚďĞĐĂƵƐĞƐƵŐĂƌƐĂŶĚĨĂƚƚǇĂĐŝĚƐĂƌĞŵĞƚĂďŽůŝǌĞĚŵƵĐŚĨĂƐƚĞƌƚŚĂŶĂŵŝŶŽ
ĂĐŝĚƐ͘/ƚĐĂŶĞǀĞŶďĞƐĞĞŶĨƌŽŵƚŚĞĂƵƚŚŽƌΖƐĚĂƚĂƚŚĂƚƚŚĞĂƉƉůŝĐĂƚŝŽŶŽĨƚŚĞĨĂĐƚŽƌϮƚŽƚŚĞĂŵŝŶŽĂĐŝĚ
ĨƌĂĐƚŝŽŶůĞĂĚƐƚŽĨĂůƐĞƌĞƐƵůƚƐďĞĐĂƵƐĞĨŽƌŝďƵƉƌŽĨĞŶĂŶĚϮ͕ϰͲƚŚĞĨƌĂĐƚŝŽŶŽĨďŝŽŐĞŶŝĐEZŝƐůĂƌŐĞƌƚŚĂŶƚŚĞ
ƚŽƚĂůEZ͘tĞƚŚĞƌĞĨŽƌĞĚĞůĞƚĞĚƚŚĞĐŽůƵŵŶΗZĞƉŽƌƚĞĚďŝŽŐĞŶŝĐEZΗŝŶdĂďůĞϴ͕ƌĞĨĞƌƚŽƚŚĞŵĞĂƐƵƌĞĚ
ĂŵŝŶŽĂĐŝĚƐĂŶĚĐŚĂŶŐĞĚƚŚĞŵĂŶƵƐĐƌŝƉƚĂĐĐŽƌĚŝŶŐůǇ͘ƐĐĂŶďĞƐĞĞŶ͕ƚŚĞŵĞĂƐƵƌĞĚůĂďĞůŝŶĂŵŝŶŽĂĐŝĚŝƐ
ĂůǁĂǇƐǁŝƚŚŝŶƚŚĞƌĂŶŐĞŽĨďŝŽŐĞŶŝĐEZŐŝǀĞŶďǇƋ͘ϯ;ůŝǀŝŶŐďŝŽŵĂƐƐͿĂŶĚƋ͘ϰ;ĚĞĐĂǇĞĚďŝŽŵĂƐƐͿ͘

EŽǁůŝŶĞϯϴϲͲϯϵϰ͗
͞dŚĞĞǆƉĞƌŝŵĞŶƚĂůƉĞƌŝŽĚĨŽƌŝďƵƉƌŽĨĞŶĂŶĚϮ͕ϰͲ;ϲϰĚĂǇƐͿ΀ϯϴ͕ϯϵ΁͕ĂŶĚŐůǇƉŚŽƐĂƚĞĂŶĚ
ŵĞƚĂŵŝƚƌŽŶ;ϴϬĚĂǇƐͿ΀ϰϮ͕ϰϯ΁ǁĂƐƐŚŽƌƚĞƌƚŚĂŶƚŚĞĞǆƉĞƌŝŵĞŶƚƐƌĞƉŽƌƚĞĚŝŶ΀ϯϲ΁͘Ƌ͘;ϯͿ͕ǁŚŝĐŚĐĂůĐƵůĂƚĞƐ
ůŝǀŝŶŐďŝŽŵĂƐƐyĂƐďŝŽŐĞŶŝĐEZ͕ǁĂƐĂĚĚŝƚŝŽŶĂůůǇƵƐĞĚƚŽŝŶƚĞƌƉƌĞƚƚŚĞƐĞĞǆƉĞƌŝŵĞŶƚƐ͘/ŶƚŚĞƐĞĨŽƵƌ
ƐƚƵĚŝĞƐ͕ƚŚĞĐĂƌďŽŶůĂďĞůĨŽƵŶĚŝŶĂŵŝŶŽĂĐŝĚƐǁĂƐƌĞƉŽƌƚĞĚ͘&ŽƌůŝǀŝŶŐŵŝĐƌŽďĞƐ͕ĂďŽƵƚŚĂůĨŽĨƚŚĞĐĂƌďŽŶŝƐ
ŝŶƉƌŽƚĞŝŶƐ͘dŚŝƐĨƌĂĐƚŝŽŶŝŶĐƌĞĂƐĞƐĚƵƌŝŶŐĚĞĐĂǇĂŶĚƚƵƌŶŽǀĞƌŽĨŵŝĐƌŽďŝĂůďŝŽŵĂƐƐďĞĐĂƵƐĞƉƌŽƚĞŝŶƐĂƌĞ
ƚŚĞŵŽƐƚƐƚĂďůĞĨƌĂĐƚŝŽŶŽĨƚŚĞĐĞůůƐ΀ϯϬ͕ϯϯ͕ϭϱ΁͘ǆĐĞƉƚĨŽƌŐůǇƉŚŽƐĂƚĞ͕ƚŚĞŵĞĂƐƵƌĞĚůĂďĞůŝŶĂŵŝŶŽĂĐŝĚƐŝƐ
ǁŝƚŚŝŶƚŚĞƌĂŶŐĞŽĨďŝŽŐĞŶŝĐEZƉƌĞĚŝĐƚĞĚďǇƋƐ͘;ϯͿĂŶĚ;ϰͿ͕ĂŶĚƚŚĞŵĞĂƐƵƌĞĚƚŽƚĂůEZŝƐŐƌĞĂƚĞƌ͘͟
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ϵ͘ůŝŶĞϲϭϯ͗/ǁŽƵůĚƐƵŐŐĞƐƚƚŽĐŝƚĞŚĞƌĞĂůƐŽƚŚĞƌĞĐĞŶƚƌĞǀŝĞǁŽŶďŝŽĂǀĂŝůĂďŝůŝƚǇŽĨǆĞŶŽďŝŽƚŝĐĂŝŶƚŚĞƐŽŝůƐ
ĞŶǀŝƌŽŶŵĞŶƚ͘
͘<ĂƚĂǇĂŵĂ͕Z͘ŚƵůĂ͕'͘Z͘ƵƌŶƐ͕͘ĂƌĂǌŽ͕͘&ĞůƐŽƚ͕͘,ĂŵŝůƚŽŶ͕͘,ĂƌƌŝƐ͕z͘,͘<ŝŵ͕'͘<ůĞƚĞƌ͕t͘
<ŽĞƌĚĞů͕:͘>ŝŶĚĞƌƐ͕:͘'͘D͘t͘WĞŝũŶĞŶďƵƌŐ͕͘^ĂďůũŝĐ͕Z͘'͘^ƚĞƉŚĞŶƐŽŶ͕͘<͘ZĂĐŬĞ͕͘ZƵďŝŶ͕<͘dĂŶĂŬĂ͕:͘
hŶƐǁŽƌƚŚĂŶĚZ͘͘tĂƵĐŚŽƉĞ͕ŝŽĂǀĂŝůĂďŝůŝƚǇŽĨǆĞŶŽďŝŽƚŝĐƐŝŶƚŚĞƐŽŝůĞŶǀŝƌŽŶŵĞŶƚ͕ZĞǀŝĞǁƐŽĨ
ŶǀŝƌŽŶŵĞŶƚĂůŽŶƚĂŵŝŶĂƚŝŽŶĂŶĚdŽǆŝĐŽůŽŐǇϮϬϯ;ϮϬϭϬͿ͕ƉƉ͘ϭͲϴϲ͘
dŚĂŶŬǇŽƵĨŽƌƚŚĞƐƵŐŐĞƐƚŝŽŶ͘ĨƚĞƌƌĞĂĚŝŶŐƚŚĞƉƵďůŝĐĂƚŝŽŶǁĞĂŐƌĞĞǁŝƚŚƚŚĞƌĞǀŝĞǁĞƌ͘/ƚŝƐĂŶĞǆĐĞůůĞŶƚ
ƌĞǀŝĞǁĂŶĚŝƐŶŽǁĐŝƚĞĚĂƐƌĞĨϱϬŽŶůŝŶĞϰϯϬ͘

ϭϬ͘ůŝŶĞϲϯϭ͗͞ĂŶǇůŝŶĞĂƌŝƚǇ͍͊͟ƉƌŽďĂďůǇ͞ƚŚĞƌĞŝƐŶŽƌĞůĂƚŝŽŶƐŚŝƉ͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌĐŽŵŵĞŶƚ͘dŚĞƐĞŶƚĞŶĐĞŶŽǁƌĞĂĚƐ;ůŝŶĞƐϰϰϴͲϰϱϬͿ͗
͞&ŽƌĂůůŵĞƚŚŽĚƐ͕ƚŚĞƉƌĞĚŝĐƚĞĚŐƌŽǁƚŚǇŝĞůĚŝƐƐŽƐŵĂůůƚŚĂƚƚŚĞƌĞŝƐŶŽƌĞůĂƚŝŽŶƐŚŝƉďĞƚǁĞĞŶĚĞŐƌĞĞŽĨ
ƌĞĚƵĐƚĂŶĐĞĂŶĚďĂĐƚĞƌŝĂůŐƌŽǁƚŚǇŝĞůĚ͘͟
ϭϭ͘ůŝŶĞϲϰϵ͗ZĞĨĞƌĞŶĐĞƐϱϱͲϱϵƐŚŽƵůĚďĞĚĞůĞƚĞĚƐŝŶĐĞƚŚŽƐĞĂƌĞŶŽƚƌĞĨĞƌĞŶĐĞƐĨŽƌŚĞŵWƌŽƉĞƐƚŝŵĂƚŝŽŶ
ƐŽĨƚǁĂƌĞ͕ŽŶůǇƌĞĨĞƌĞŶĐĞϭϰŝƐƌĞůĞǀĂŶƚ͘
dŚĂŶŬǇŽƵĨŽƌƚŚĞĐŽŵŵĞŶƚ͘ZĞĨĞƌĞŶĐĞƐϱϱͲϱϵĂƌĞƌĞĨĞƌĞŶĐĞƐĨŽƌŐƌŽƵƉĐŽŶƚƌŝďƵƚŝŽŶďĂƐĞĚŵĞƚŚŽĚƐ͘>ŝŶĞƐ
ϰϲϲͲϰϲϵŶŽǁƌĞĂĚ͗
͞ŝƚĐĂŶďĞĞƐƚŝŵĂƚĞĚƵƐŝŶŐŐƌŽƵƉĐŽŶƚƌŝďƵƚŝŽŶŵĞƚŚŽĚƐ΀ϱϯͲϱϴ΁;ŵĞƚŚŽĚ΀ϱϯ΁ŝƐŝŵƉůĞŵĞŶƚĞĚŝŶƚŚĞĨƌĞĞůǇ
ĂǀĂŝůĂďůĞŚĞŵWƌŽƉ΀ϱϵ΁ͿŽƌďǇĐŽŵƉŽŶĞŶƚĐŽŶƚƌŝďƵƚŝŽŶŵĞƚŚŽĚƐ΀ϲϬ΁;ŝŵƉůĞŵĞŶƚĞĚŝŶƚŚĞĨƌĞĞĂĐĐĞƐƐŝďůĞ
ĚĂƚĂďĂƐĞĞYƵŝůŝďƌĂƚŽƌ΀ϲϭ΁ͿŽƌĐĂůĐƵůĂƚĞĚƵƐŝŶŐƋƵĂŶƚƵŵŵĞĐŚĂŶŝĐƐ΀ϲϮ΁͘͟
ϭϮ͘ůŝŶĞϲϱϬ͗YƵĂŶƚƵŵŵĞĐŚĂŶŝĐƐŝƐƵƐĞĚƚŽĐĂůĐƵůĂƚĞĂŶĚŶŽƚƚŽĞƐƚŝŵĂƚĞƚŚĞ'ŝďďƐĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶĨŽƌ
ĐŚĞŵŝĐĂůƐ͘
dŚĂŶŬǇŽƵĨŽƌƚŚĞĐŽŵŵĞŶƚ͘^ĞĞĂďŽǀĞĐŽŵŵĞŶƚǁŚĞƌĞ͚ĐĂůĐƵůĂƚĞĚ͛ŚĂƐďĞĞŶĂĚĚĞĚ͘
ϭϯ͘ůŝŶĞϲϴϰ͗ZĞĨĞƌĞŶĐĞϭϲƐŚŽƵůĚďĞƌĞƉůĂĐĞĚďǇŽƌŝŐŝŶĂůƌĞĨĞƌĞŶĐĞ;ƐͿŽŶ͞ƚŚĞƉĞĂŬŝŶůŝǀŝŶŐďŝŽŵĂƐƐ͘͟
ĞƐŝĚĞƐ͕ƌĞĨĞƌĞŶĐĞϭϲŝƐŶŽƚƉƵďůŝƐŚĞĚũĞƚ͘
ŽŶĞ͘tĞĐŝƚĞŚĞƌĞĂƐĞǆĂŵƉůĞƚŚĞĞǆƉĞƌŝŵĞŶƚƐĚŽŶĞǁŝƚŚŝďƵƉƌŽĨĞŶĂŶĚϮ͕ϰͲ;ZĞĨƐϯϴ͕ϯϵͿ;>ŝŶĞϰϵϲͿ͘
ϭϰ͘ůŝŶĞϲϴϱ͗ĞǆƉƌĞƐƐŝŽŶ͞ŝƐŵŽƌĞůŝŬĞůǇĂƉƉůǇŝŶŐƚŽƚŚĞĚĂƚĂ͟ŝƐĐŽŶĨƵƐŝŶŐĂŶĚĚŽĞƐŶŽƚŵĂŬĞƐĞŶƐĞ
dŚĂŶŬǇŽƵĨŽƌƚŚĞĐŽŵŵĞŶƚ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚĂŶĚŶŽǁƌĞĂĚƐ;>ŝŶĞƐϰϵϲͲϰϵϵͿ͗
͞ĂŶĚƚŚĞƌĞĨŽƌĞǁĞĞǆƉĞĐƚƚŚĂƚƋ͘;ϰͿ;^KDďŝŽŐĞŶŝĐEZͿŝƐŵŽƌĞĂƉƉƌŽƉƌŝĂƚĞĨŽƌƚŚĞƐĞĞǆƉĞƌŝŵĞŶƚƐƚŚĂŶƋ͘;ϯͿ
;yďŝŽŐĞŶŝĐEZͿĂƐƚŚĞŵĂũŽƌŝƚǇŽĨƚŚĞůŝǀŝŶŐďŝŽŵĂƐƐŚĂƐĚĞĐĂǇĞĚĂŶĚďĞĞŶŝŶĐŽƌƉŽƌĂƚĞĚŝŶƚŽ^KDĂĨƚĞƌϭϬϬ
ĚĂǇƐ͘͟

ϭϱ͘ůŝŶĞƐϲϴϱͲϲϴϳ͗tŚĂƚŝƐŝŵƉůŝĞĚďǇ͞ƚŚŝƐǀŝĞǁ͍͟EŽǀŝĞǁŝƐĚĞƐĐƌŝďĞĚŝŶƉƌĞǀŝŽƵƐƐĞŶƚĞŶĐĞƐŽĨƚŚŝƐƐƵďͲ
ƐĞĐƚŝŽŶ͘
>ŝŶĞƐϰϵϵͲϱϬϬŚĂǀĞďĞĞŶƌĞǀŝƐĞĚĂŶĚŶŽǁƌĞĂĚ͗
͞ZĞƐƵůƚƐŽďƚĂŝŶĞĚďǇƋ͘;ϰͿĂƌĞƐŵĂůůĞƌƚŚĂŶƚŚĞŵĞĂƐƵƌĞĚEZ͕ǁŚŝĐŚĐŽŶĨŝƌŵƐƚŚĞƌĞƐƵůƚƐŽĨƚŚŝƐ
ĞƋƵĂƚŝŽŶ͘͟
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^ĞĞĂůƐŽĐŽŵŵĞŶƚϭϰ͘
ϭϲ͘ůŝŶĞƐϲϵϬͲϲϵϯ͗ĐŽŶĨƵƐŝŶŐůŽŶŐƐĞŶƚĞŶĐĞ
/ŶƌĞŐĂƌĚƐƚŽĐŽŵŵĞŶƚϯϳ͕ƚŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶĐŚĂŶŐĞĚƚŽ;ůŝŶĞƐϱϬϰͲϱϬϳͿ͗
͞^ƵĐŚĂĐŽƌƌĞůĂƚŝŽŶƐŚŽƵůĚŶŽƚďĞĞǆƉĞĐƚĞĚƐŝŶĐĞƚŚĞƉƌŽĐĞƐƐĞƐůĞĂĚŝŶŐƚŽEZ/͕//ĂŶĚ///ĂƌĞĐŽŵƉĞƚŝŶŐ͘/Ĩ
ĂƉĞƐƚŝĐŝĚĞŝƐŶŽƚĚĞŐƌĂĚĞĚŝƚĐĂŶƵŶĚĞƌŐŽĂŐŝŶŐĂŶĚŝƌƌĞǀĞƌƐŝďůĞƐŽƌƉƚŝŽŶ;ƚǇƉĞ/EZͿĂŶĚĐŽǀĂůĞŶƚďŝŶĚŝŶŐ
ŽĨƚŚĞƉĂƌĞŶƚĐŽŵƉŽƵŶĚŽƌŝƚƐŵĞƚĂďŽůŝƚĞƐ;ƚǇƉĞ//EZͿ΀ϴ΁͘͟

ϭϳ͘ůŝŶĞƐϳϬϬͲϳϬϭ͗tŚĂƚŝƐƚŚĞŵĞĂŶŝŶŐŽĨƚŚŝƐƐĞŶƚĞŶĐĞ͍,ŽǁĚŽǇŽƵĞǆƉůŽŝƚƚŚĞƐƚƌƵĐƚƵƌĞĂŶĚĞŶĞƌŐǇŽĨ
ŵŽůĞĐƵůĞďǇĞŶǌǇŵĂƚŝĐƉĂƚŚǁĂǇƐ͍
dŚĂŶŬǇŽƵĨŽƌƚŚĞĐŽŵŵĞŶƚ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚĂŶĚŶŽǁƌĞĂĚƐ;ůŝŶĞƐϱϭϰͲϱϭϱͿ͗
͞KĨĐŽƵƌƐĞ͕ƚŚĞĞŶǌǇŵĂƚŝĐƉĂƚŚǁĂǇƐƚŽĨĂĐŝůŝƚĂƚĞƚŚĞĚĞŐƌĂĚĂƚŝŽŶĂŶĚĞŶĞƌŐǇĞǆƉůŽŝƚĂƚŝŽŶŽĨƚŚĞŵŽůĞĐƵůĞ
ĂůƐŽŶĞĞĚƚŽďĞƉƌĞƐĞŶƚ͘͟
ϭϴ͘ůŝŶĞƐϳϭϲͲϳϭϴ͗dŚŝƐƐƚĂƚĞŵĞŶƚŝƐŶŽƚĐŽƌƌĞĐƚƐŝŶĐĞƚŚĞDdŵĞƚŚŽĚŝƐĂůƌĞĂĚǇƉƌĞƐĞŶƚĞĚŝŶƌĞĨĞƌĞŶĐĞϭϲ͘
dŚĂŶŬǇŽƵĨŽƌƚŚĞĐŽŵŵĞŶƚ͘ŚĂŶŐĞĚƚŽΗĂƉƉůŝĞĚΗ͘/ƚŶŽǁƌĞĂĚƐ;ůŝŶĞƐϱϮϱͲϱϮϲͿ͗
͞dŚĞŵĞƚŚŽĚĂƉƉůŝĞĚŝŶƚŚŝƐƐƚƵĚǇƉƌŽǀŝĚĞƐƉƌŽĐĞƐƐͲďĂƐĞĚƚŚĞŽƌĞƚŝĐĂůďĂĐŬŐƌŽƵŶĚƚŚĂƚŵĂǇďĞƵƐĞĚƚŽ
ŝŶƚĞƌƉƌĞƚEZĚĂƚĂĚĞƌŝǀĞĚŝŶĚĞŐƌĂĚĂƚŝŽŶĞǆƉĞƌŝŵĞŶƚƐ͘͟
ϭϵ͘ůŝŶĞƐϳϯϴͲϳϰϬ͗dŚŝƐĐŽŶĐůƵƐŝŽŶŝƐŶŽƚĐŽƌƌĞĐƚƐŝŶĐĞƚŚĞDdŵĞƚŚŽĚŝƐĂůƌĞĂĚǇƉƌĞƐĞŶƚĞĚŝŶƌĞĨĞƌĞŶĐĞϭϲ͘
dŚĂŶŬǇŽƵƌƉŽŝŶƚŝŶŐƚŚŝƐŽƵƚ͘ŚĂŶŐĞĚƚŽΗĂƉƉůŝĞĚΗ͘/ƚŶŽǁƌĞĂĚƐ;ůŝŶĞƐϱϰϱͲϱϰϲͿ͗
͞dŚĞĂƉƉƌŽĂĐŚĂƉƉůŝĞĚŝŶƚŚŝƐƐƚƵĚǇƉƌŽǀŝĚĞƐĂƚŚĞŽƌĞƚŝĐĂůĨŽƵŶĚĂƚŝŽŶƚŚĂƚĐĂŶďĞƵƐĞĚƚŽƉƌĞĚŝĐƚďŝŽŐĞŶŝĐ
EZĨŽƌŵĂƚŝŽŶĚƵƌŝŶŐƉĞƐƚŝĐŝĚĞĚĞŐƌĂĚĂƚŝŽŶĞǆƉĞƌŝŵĞŶƚƐ͘͟

^ŽŵĞ>ŝŶŐƵŝƐƚŝĐWƌŽďůĞŵƐŽƌƌƌŽƌƐ͗
ϭ͘ůŝŶĞϮϴ͗ĂĚĚĐŽŵŵĂ͕ŝ͘Ğ͘͞ĨŽƌŵŝĐƌŽďŝĂůĂĐƚŝǀŝƚǇ͕͟
dŚĂŶŬǇŽƵĨŽƌƉŽŝŶƚŝŶŐŝƚŽƵƚ͘dŚĞĐŽŵŵĂŝƐĂĚĚĞĚŽŶůŝŶĞϮϵ͘
Ϯ͘ůŝŶĞƐϱϲͲϱϳ͗ĐŽƌƌĞĐƚƐĞŶƚĞŶĐĞĂƐ͞ZĞĐĞŶƚůǇ͕ĂŶŽǀĞůĂƉƉƌŽĂĐŚǁĂƐƐƵŐŐĞƐƚĞĚĨŽƌŵŽĚĞůůŝŶŐƚŚĞĨŽƌŵĂƚŝŽŶ
ŽĨďŝŽŐĞŶŝĐƌĞƐŝĚƵĞ΀ϭϲ΁ǁŚŝĐŚĐĂŶĂůƐŽƐŚĞĚůŝŐŚƚŝŶƚŽƚŚĞďůĂĐŬďŽǆŽĨEZ͘͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚĂŶĚŶŽǁƌĞĂĚƐ;ůŝŶĞƐϱϲͲϱϳͿ͗
͞ZĞĐĞŶƚůǇ͕ĂŶŽǀĞůĂƉƉƌŽĂĐŚǁĂƐƐƵŐŐĞƐƚĞĚĨŽƌŵŽĚĞůůŝŶŐƚŚĞĨŽƌŵĂƚŝŽŶŽĨďŝŽŐĞŶŝĐƌĞƐŝĚƵĞƐ΀ϭϱ΁ǁŚŝĐŚĐĂŶ
ĂůƐŽĞůƵĐŝĚĂƚĞƚŚĞďůĂĐŬďŽǆŽĨEZ͘͟
ϯ͘ůŝŶĞƐϱϵͲϲϬ͗͞ďƵƚŵĂǇĂůƐŽďĞĨŽƌŵĞĚďǇĐŽǀĂůĞŶƚďŽŶĚŝŶŐŽĨŵĞƚĂďŽůŝƚĞƐ;ƚǇƉĞ//EZͿ͟ͲŽǀĂůĞŶƚ
ďŽŶĚŝŶŐŽĨŵĞƚĂďŽůŝƚĞƐƚŽǁŚĂƚ͍tŚǇŽŶůǇŵĞƚĂďŽůŝƚĞƐ͕ǁŚǇŝƐĐŽǀĂůĞŶƚďŽŶĚŝŶŐŶŽƚƉŽƐƐŝďůĞĨŽƌƉĂƌĞŶƚ
ĐŽŵƉŽƵŶĚ͍
zĞƐ͕ĐŽǀĂůĞŶƚďŽŶĚŝŶŐŝƐƉŽƐƐŝďůĞĨŽƌďŽƚŚƉĂƌĞŶƚĐŽŵƉŽƵŶĚĂŶĚŵĞƚĂďŽůŝƚĞƐ͘dŚĞƐĞŶƚĞŶĐĞǁĂƐƌĞǁƌŝƚƚĞŶ
ĂŶĚŶŽǁƌĞĂĚƐ;ůŝŶĞƐϱϳͲϲϬͿ͗
͞EZŵĂǇďĞĨŽƌŵĞĚďǇƐĞƋƵĞƐƚƌĂƚŝŽŶŽƌĞŶƚƌĂƉŵĞŶƚŽĨƉĂƌĞŶƚĐŽŵƉŽƵŶĚƐŽƌŵĞƚĂďŽůŝƚĞƐŝŶƐŽŝůƐĂŶĚ
ƐĞĚŝŵĞŶƚƐ;ƚǇƉĞ/EZͿ͕ĂŶĚĂůƐŽďǇĐŽǀĂůĞŶƚďŽŶĚŝŶŐƚŽƐŽŝůŽƌŐĂŶŝĐŵĂƚƚĞƌ;ƚǇƉĞ//EZͿ͟
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ϰ͘ůŝŶĞϲϯ͗ƉƌŽďĂďůǇ͞ĐŽŵƉƌŝƐĞŽĨĂůůƚǇƉĞƐ͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚ;ůŝŶĞϲϮͿ͗͞ƉƉĂƌĞŶƚůǇ͕EZĂƌĞŵŽƐƚůǇ
ĐŽŵƉƌŝƐĞĚŽĨĂůůƚǇƉĞƐŽĨƌĞƐŝĚƵĞƐĂŶĚ͟
ϱ͘ůŝŶĞƐϵϰͲϵϳ͗ĐŽƌƌĞĐƚƐĞŶƚĞŶĐĞĂƐ͞dŚĞƌŵŽĚǇŶĂŵŝĐůĞĐƚƌŽŶƋƵŝǀĂůĞŶƚDŽĚĞů;dDϮͿĚĞǀĞůŽƉĞĚďǇ
WĞƌƌǇ>͘DĐĂƌƚǇ΀ϭϴ͕Ϯϰ΁ĂŶĚǆƉĂŶĚĞĚdŚĞƌŵŽĚǇŶĂŵŝĐdƌƵĞzŝĞůĚWƌĞĚŝĐƚŝŽŶDŽĚĞů;ddzDͿďǇyŝĂŽĂŶĚ
sĂŶƌŝĞƐĞŶ΀Ϯϯ͕Ϯϱ΁ŽƌƚŚĞŝƌǀĂƌŝĂƚŝŽŶƐŚĂǀĞďĞĞŶĞƐƚĂďůŝƐŚĞĚĂŶĚĂƉƉůŝĞĚ΀Ϯϵ͕ϯϬ΁ĨŽƌƚŚĞĞƐƚŝŵĂƚŝŽŶŽĨ
ďĂĐƚĞƌŝĂůŐƌŽǁƚŚǇŝĞůĚŽŶǆĞŶŽďŝŽƚŝĐƐ͘͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚĂŶĚƚŚĞƉĂƌĂŐƌĂƉŚŶŽǁƌĞĂĚƐ;ůŝŶĞƐϵϯͲϵϵͿ͗
͞dŚĞdŚĞƌŵŽĚǇŶĂŵŝĐůĞĐƚƌŽŶƋƵŝǀĂůĞŶƚDŽĚĞů;dDϮͿĚĞǀĞůŽƉĞĚďǇWĞƌƌǇ>͘DĐĂƌƚǇ΀ϭϳ͕Ϯϯ΁ĂŶĚ
ǆƉĂŶĚĞĚdŚĞƌŵŽĚǇŶĂŵŝĐdƌƵĞzŝĞůĚWƌĞĚŝĐƚŝŽŶDŽĚĞů;ddzDͿŽĨyŝĂŽĂŶĚsĂŶƌŝĞƐĞŶ΀ϮϮ͕Ϯϰ΁ŽƌƚŚĞŝƌ
ǀĂƌŝĂƚŝŽŶƐŚĂǀĞďĞĞŶĂƉƉůŝĞĚ΀Ϯϴ͕Ϯϵ΁ĨŽƌƚŚĞĞƐƚŝŵĂƚŝŽŶŽĨďĂĐƚĞƌŝĂůŐƌŽǁƚŚǇŝĞůĚŽŶǆĞŶŽďŝŽƚŝĐƐ͘ŽƚŚ
ŵŽĚĞůƐŚĂǀĞĞǀŽůǀĞĚƚŽǁĂƌĚƐĂŶŝŶĐƌĞĂƐĞĚŶĞĞĚŽĨŬŶŽǁůĞĚŐĞƌĞŐĂƌĚŝŶŐƚŚĞƚƌĂŶƐĨŽƌŵĂƚŝŽŶƉĂƚŚǁĂǇƐ͕
ŵĞƚĂďŽůŝĐƉƌŽĐĞƐƐĞƐĂŶĚƚŚĞĞůĞĐƚƌŽŶĂŶĚĞŶĞƌŐǇůŽƐƐĞƐĂƐƐŽĐŝĂƚĞĚŚĞƌĞƚŽŝŶŽƌĚĞƌƚŽŵŽĚĞůƐƉĞĐŝĨŝĐ
ŐƌŽǁƚŚŽĨǀĂƌŝŽƵƐŽƌŐĂŶŝƐŵƐ͘͟
ϲ͘ůŝŶĞϵϴ͗ĞǆƉƌĞƐƐŝŽŶ͞dŚĞƐĞŵŽĚĞůƐŚĂǀĞďŽƚŚďĞĞŶŵŽǀŝŶŐ͟ŝƐŵĞĂŶŝŶŐůĞƐƐŝŶƚŚŝƐƐĞŶƚĞŶĐĞ͕ŵĂǇďĞ͞ŽƚŚ
ŵŽĚĞůƐŚĂǀĞďĞĞŶŵŽǀŝŶŐ͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚ;ůŝŶĞƐϵϲͲϵϳͿ͗
͞ŽƚŚŵŽĚĞůƐŚĂǀĞĞǀŽůǀĞĚƚŽǁĂƌĚƐĂŶŝŶĐƌĞĂƐĞĚŶĞĞĚŽĨŬŶŽǁůĞĚŐĞƌĞŐĂƌĚŝŶŐƚŚĞƚƌĂŶƐĨŽƌŵĂƚŝŽŶ
ƉĂƚŚǁĂǇƐ͕͞
ϳ͘ůŝŶĞƐϭϬϰͲϭϬϱ͗ĐŽƌƌĞĐƚƚĞǆƚĂƐ͞ƉŽƚĞŶƚŝĂůǁŝƚŚŽƵƚƚŚĞŶĞĞĚĨŽƌŝŶĨŽƌŵĂƚŝŽŶŽŶƚŚĞƉĂƚŚǁĂǇƐĂƐƚŚŝƐŝƐ
ƌĂƌĞůǇŬŶŽǁŶĨŽƌƚŚĞŵĂũŽƌŝƚǇŽĨĐŚĞŵŝĐĂůƐŽĨĞŶǀŝƌŽŶŵĞŶƚĂůĐŽŶĐĞƌŶ͘͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚĂƐƐƵŐŐĞƐƚĞĚ;ůŝŶĞƐϭϬϮͲϭϬϰͿ͗
͞/ŶDdǁĞƉƌŽƉŽƐĞĚĂƐŝŵƉůĞŵĞƚŚŽĚƚŽƉƌĞĚŝĐƚũƵƐƚƚŚĞŵŝŶŝŵƵŵďĂĐƚĞƌŝĂůŐƌŽǁƚŚǇŝĞůĚƉŽƚĞŶƚŝĂů
ǁŝƚŚŽƵƚƚŚĞŶĞĞĚĨŽƌŝŶĨŽƌŵĂƚŝŽŶŽŶƚŚĞƉĂƚŚǁĂǇƐ͕ĂƐƚŚŝƐŝƐƌĂƌĞůǇŬŶŽǁŶĨŽƌƚŚĞŵĂũŽƌŝƚǇŽĨĐŚĞŵŝĐĂůƐŽĨ
ĞŶǀŝƌŽŶŵĞŶƚĂůĐŽŶĐĞƌŶ͘͟
ϴ͘ůŝŶĞϭϬϲ͗ĐŽƌƌĞĐƚĂƐ͞ƚŚĞŵŝĐƌŽďŝĂůŐƌŽǁƚŚĂŶĚĚĞĐůŝŶĞĂƌĞĐŽƵƉůĞĚ͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚ;ůŝŶĞϭϬϱͿ͗
͞&ƵƌƚŚĞƌŵŽƌĞ͕ŵŝĐƌŽďŝĂůŐƌŽǁƚŚĂŶĚĚĞĐůŝŶĞĂƌĞĐŽƵƉůĞĚƚŽƚŚĞĨŽƌŵĂƚŝŽŶŽĨƐŽŝůŽƌŐĂŶŝĐ͟
ϵ͘ůŝŶĞƐϭϭϬͲϭϭϭ͗ĐŽƌƌĞĐƚƚĞǆƚĂƐ͞ƚŽƚŚŽƌŽƵŐŚůǇĐŽŵƉĂƌĞƚŚĞƌĞĐĞŶƚůǇŝŶƚƌŽĚƵĐĞĚDdŵĞƚŚŽĚǁŝƚŚŽƚŚĞƌ
ǇŝĞůĚĞƐƚŝŵĂƚŝŽŶŵĞƚŚŽĚƐ͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚĂƐƐƵŐŐĞƐƚĞĚ;ůŝŶĞƐϭϬϵͲϭϭϬͿ͗
͟dŚĞŽďũĞĐƚŝǀĞƐŽĨƚŚĞƉƌĞƐĞŶƚƐƚƵĚǇĂƌĞŝͿƚŽƚŚŽƌŽƵŐŚůǇĐŽŵƉĂƌĞƚŚĞƌĞĐĞŶƚůǇŝŶƚƌŽĚƵĐĞĚDdŵĞƚŚŽĚ
ǁŝƚŚŽƚŚĞƌǇŝĞůĚĞƐƚŝŵĂƚŝŽŶŵĞƚŚŽĚƐ͖͟
ϭϬ͘ůŝŶĞϭϮϴ͗͞ƐƚƌĂŝŐŚƚĨŽƌǁĂƌĚ͍͟ƉƌŽďĂďůǇ͞ĚŝƌĞĐƚ͟
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dŚĞǁŽƌĚŚĂƐďĞĞŶĚĞůĞƚĞĚĂŶĚƚŚĞƐĞŶƚĞŶĐĞŶŽǁƌĞĂĚƐ;ůŝŶĞƐϭϮϮͲϭϮϰͿ͗
͞ĂŶĚĐŽŵďŝŶĞŝƚǁŝƚŚŚĂůĨͲƌĞĂĐƚŝŽŶƐŽĨĂŶĂƉƉƌŽƉƌŝĂƚĞĞůĞĐƚƌŽŶĂĐĐĞƉƚŽƌ;Ğ͘Ő͘KϮ͕EKϯͲ͕^KϰϮͲ͕&Ğϯн͕DŶϰн͕Žƌ
ĞǀĞŶKϮĞƚĐ͘ͿĂůůŽǁŝŶŐĨŽƌĂƐƐĞƐƐŵĞŶƚŽĨƚŚĞďĂĐƚĞƌŝĂůŐƌŽǁƚŚǇŝĞůĚƵŶĚĞƌĂŵƵůƚŝƚƵĚĞŽĨƌĞĚŽǆĐŽŶĚŝƚŝŽŶƐ͘͟

ϭϭ͘ůŝŶĞϭϮϵ͗^ĞƚĂƐŶĞǁƐĞŶƚĞŶĐĞ͕ŝ͘Ğ͘͞ŽĨƌĞĚŽǆĐŽŶĚŝƚŝŽŶƐ͘,ĞƌĞǁĞŽŶůǇůŽŽŬĂƚKϮ͕EKϯͲĂŶĚ^KϰϮͲ͘͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚĂƐƐƵŐŐĞƐƚĞĚ;ůŝŶĞƐϭϮϰͲϭϮϱͿ͗
͞ŽĨƌĞĚŽǆĐŽŶĚŝƚŝŽŶƐ͘,ĞƌĞǁĞŽŶůǇůŽŽŬĂƚKϮ͕EKϯͲ͕ĂŶĚ^KϰϮͲ͘͟
ϭϮ͘ůŝŶĞƐϭϲϬͲϭϲϭ͗ĐŽƌƌĞĐƚĂƐ͞ƚŚĞ'ŝďďƐĨƌĞĞĞŶĞƌŐǇŽĨƌĞĂĐƚŝŽŶ͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚĂƐƐƵŐŐĞƐƚĞĚ͘EŽƚĞƚŚĂƚƚŚĞƐĞŶƚĞŶĐĞŚĂƐ
ďĞĞŶŵŽǀĞĚĨƌŽŵƚŚĞŵĂŶƵƐĐƌŝƉƚƚŽƚŚĞƐƵƉƉůĞŵĞŶƚĂƌǇŝŶĨŽƌŵĂƚŝŽŶ;>ŝŶĞ^/ϱϵͿ͘
ϭϯ͘ůŝŶĞƐϮϯϳĂŶĚϮϰϬ͗dŚĞƌĞŝƐĂŵŝƐŵĂƚĐŚďĞƚǁĞĞŶ͞;ĐĂƚĂďŽůŝƐŵͿ͘͟ĂŶĚ͞ǁŚĞƌĞ͘͟dŚĞƐĞŶƚĞŶĐĞŝƐĞŶĚŝŶŐ
;ŝ͘Ğ͘ƉĞƌŝŽĚͿŽŶůŝŶĞϮϯϳĂŶĚŶĞǁƐĞŶƚĞŶĐĞŝƐƐƚĂƌƚŝŶŐǁŝƚŚƚŚĞůŽǁĞƌĐĂƐĞůĞƚƚĞƌŽŶůŝŶĞϮϰϬ͘ŶĂůŽŐŽƵƐ
ƉƌŽďůĞŵŽŶůŝŶĞƐϮϱϭĂŶĚϮϱϰ͘
dŚĞƉĞƌŝŽĚƐĂƌĞƌĞŵŽǀĞĚ͘EŽƚĞƚŚĂƚƚŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶŵŽǀĞĚĨƌŽŵƚŚĞŵĂŶƵƐĐƌŝƉƚƚŽƚŚĞ
ƐƵƉƉůĞŵĞŶƚĂƌǇŝŶĨŽƌŵĂƚŝŽŶ͘
ϭϰ͘ůŝŶĞƐϮϰϲŽƌϮϰϳ͗WĞƌŝŽĚŝƐŵŝƐƐŝŶŐĂƚƚŚĞĞŶĚŽĨƚŚŝƐƐĞŶƚĞŶĐĞ͘
dŚĂŶŬǇŽƵĨŽƌƚŚĞĐŽŵŵĞŶƚ͘ƉĞƌŝŽĚŚĂƐďĞĞŶĂĚĚĞĚ͘EŽƚĞƚŚĂƚƚŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶŵŽǀĞĚĨƌŽŵƚŚĞ
ŵĂŶƵƐĐƌŝƉƚƚŽƚŚĞƐƵƉƉůĞŵĞŶƚĂƌǇŝŶĨŽƌŵĂƚŝŽŶ͘
ϭϱ͘ůŝŶĞϮϱϬ͗͞ƚŚĂƚĂůůƚŚĞĞŶĞƌŐǇ͍͊͟ƉƌŽďĂďůǇ͞ƚŚĂƚƚŚĞǁŚŽůĞĞŶĞƌŐǇ͟
dŚĂŶŬǇŽƵĨŽƌƚŚĞĐŽŵŵĞŶƚ͘/ŚĂǀĞĐŚĂŶŐĞĚƚŚĞƐĞŶƚĞŶĐĞƚŽƌĞĂĚ;ĐŽƌƌĞĐƚŝŽŶŝŶďŽůĚͿ͗
͞dŚĞĞŶĞƌŐǇďĂůĂŶĐĞƐƚĂƚĞƐƚŚĂƚƚŚĞĞŶĞƌŐǇĐĂƉƚƵƌĞĚďǇƚŚĞŽƌŐĂŶŝƐŵĨƌŽŵƚŚĞƌĞĚŽǆƌĞĂĐƚŝŽŶŝƐƵƐĞĚĨŽƌ
ďĂĐƚĞƌŝĂůŐƌŽǁƚŚ͘͟
EŽƚĞƚŚĂƚƚŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶŵŽǀĞĚĨƌŽŵƚŚĞŵĂŶƵƐĐƌŝƉƚƚŽƚŚĞƐƵƉƉůĞŵĞŶƚĂƌǇŝŶĨŽƌŵĂƚŝŽŶ;>ŝŶĞ^/
ϭϯϯͿ͘
ϭϲ͘ůŝŶĞƐϯϭϬͲϯϭϮ͗dŚŝƐƐĞŶƚĞŶĐĞƐƚĂƌƚƐǁŝƚŚĞƋƵĂƚŝŽŶǁŚŝĐŚĚŽĞƐŶŽƚŵĂŬĞƐĞŶƐĞ͘ůƐŽ͞tŚĞƌĞ͟ƐŚŽƵůĚďĞ
͞ǁŚĞƌĞ͟ƐŝŶĐĞƚŚŝƐŝƐŶŽƚƚŚĞďĞŐŝŶŶŝŶŐŽĨƐĞŶƚĞŶĐĞ͘
dŚĞƉĞƌŝŽĚŝŶůŝŶĞŚĂƐďĞĞŶƌĞŵŽǀĞĚĂŶĚ͞tŚĞƌĞ͟ŝƐĐŽƌƌĞĐƚůǇĐŚĂŶŐĞĚƚŽ͞ǁŚĞƌĞ͘͟
EŽƚĞƚŚĂƚƚŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶŵŽǀĞĚĨƌŽŵƚŚĞŵĂŶƵƐĐƌŝƉƚƚŽƚŚĞƐƵƉƉůĞŵĞŶƚĂƌǇŝŶĨŽƌŵĂƚŝŽŶ͘
ϭϳ͘ůŝŶĞϯϮϮ͗͞tŚĞƌĞ͟ƐŚŽƵůĚďĞ͞ǁŚĞƌĞ͟ƐŝŶĐĞƚŚŝƐŝƐŶŽƚƚŚĞďĞŐŝŶŶŝŶŐŽĨƐĞŶƚĞŶĐĞ͘
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚĂƐƐƵŐŐĞƐƚĞĚ͘
EŽƚĞƚŚĂƚƚŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶŵŽǀĞĚĨƌŽŵƚŚĞŵĂŶƵƐĐƌŝƉƚƚŽƚŚĞƐƵƉƉůĞŵĞŶƚĂƌǇŝŶĨŽƌŵĂƚŝŽŶ͘
ϭϴ͘ůŝŶĞƐϯϰϮͲϯϰϰ͗dŚŝƐƐĞŶƚĞŶĐĞĂůƐŽƐƚĂƌƚƐǁŝƚŚĞƋƵĂƚŝŽŶǁŚŝĐŚĚŽĞƐŶŽƚŵĂŬĞƐĞŶƐĞŽƌƉĞƌŝŽĚŽŶůŝŶĞϯϰϭ
ŵƵƐƚďĞĚĞůĞƚĞĚ͘
dŚĂŶŬǇŽƵĨŽƌƉŽŝŶƚŝŶŐƚŚŝƐŽƵƚ͘dŚĞƉĞƌŝŽĚŚĂƐďĞĞŶĚĞůĞƚĞĚ͘
EŽƚĞƚŚĂƚƚŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶŵŽǀĞĚĨƌŽŵƚŚĞŵĂŶƵƐĐƌŝƉƚƚŽƚŚĞƐƵƉƉůĞŵĞŶƚĂƌǇŝŶĨŽƌŵĂƚŝŽŶ͘

ϭϵ͘ůŝŶĞƐϯϰϳͲϯϰϵ͗dŚŝƐƐĞŶƚĞŶĐĞĚŽĞƐŶŽƚŵĂŬĞƐĞŶƐĞĂƚĂůů͘/ĨĞůĞĐƚƌŽŶƐĂƌĞŽŶůǇĚŝǀĞƌƚĞĚƚŽƚŚĞƌĞĚƵĐƚŝŽŶ
ŽĨƚŚĞƚĞƌŵŝŶĂůĞůĞĐƚƌŽŶĂĐĐĞƉƚŽƌ;Ğ͘Ő͘KϮͿĂŶĚƚŚĞƐǇŶƚŚĞƐŝƐŽĨŶĞǁĐĞůůŵĂƚĞƌŝĂů͕ĂŶĚƚŚĞĞůĞĐƚƌŽŶĚŽŶŽƌŝƐ
ĂůƐŽƚŚĞĐĂƌďŽŶƐŽƵƌĐĞ͕ƚŚĞĞƋƵĂƚŝŽŶƌĞĚƵĐĞƐƚŽ;ǁŚĞƌĞɶKϮсϬͿ
dŚĂŶŬǇŽƵĨŽƌďƌŝŶŐŝŶŐƚŚŝƐƚŽŽƵƌĂƚƚĞŶƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶĐŚĂŶŐĞĚƚŽ͗
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͞/ĨƚŚĞĞůĞĐƚƌŽŶĚŽŶŽƌŝƐĂůƐŽƚŚĞĐĂƌďŽŶƐŽƵƌĐĞĂŶĚƚŚĞĞůĞĐƚƌŽŶƐĂƌĞƵƐĞĚŽŶůǇĨŽƌƌĞĚƵĐƚŝŽŶŽĨƚŚĞ
ƚĞƌŵŝŶĂůĞůĞĐƚƌŽŶĂĐĐĞƉƚŽƌĂŶĚƐǇŶƚŚĞƐŝƐŽĨŶĞǁĐĞůůŵĂƚĞƌŝĂů͕ƚŚĞĞƋƵĂƚŝŽŶƌĞĚƵĐĞƐƚŽ;ƌĞŵĞŵďĞƌ͕ɶKϮс
ϬͿ͟

/ŚŽƉĞŝƚŝƐĞĂƐŝĞƌƚŽŵĂŬĞƐĞŶƐĞŽĨŝƚŶŽǁ͘EŽƚĞƚŚĂƚƚŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶŵŽǀĞĚĨƌŽŵƚŚĞŵĂŶƵƐĐƌŝƉƚƚŽ
ƚŚĞƐƵƉƉůĞŵĞŶƚĂƌǇŝŶĨŽƌŵĂƚŝŽŶ;>ŝŶĞƐ^/ϮϮϲͲϮϮϴͿ͘
ϮϬ͘ůŝŶĞϯϲϯ͗͞ŽǆŝĚŝǌĞĚ͟ŝƐh^ƐƉĞůůŝŶŐƵƐĞĚŝŶƚŚŝƐŵĂŶƵƐĐƌŝƉƚ
dŚŝƐŚĂƐďĞĞŶĐŽƌƌĞĐƚĞĚƚŽ͞ƌĞĚƵĐĞĚ͟;ůŝŶĞϭϵϴͿʹĂůƐŽƐĞĞĐŽŵŵĞŶƚϲƵŶĚĞƌ^ƉĞĐŝĨŝĐWƌŽďůĞŵƐŽƌƌƌŽƌƐ͗
Ϯϭ͘ůŝŶĞϱϰϰ͗ĐŽƌƌĞĐƚ͞DdĂƚůĞĂƐƚ͘͟
^ŝŶĐĞDdŝƐƚŚĞŵĞƚŚŽĚůĞĂƐƚƐĞŶƐŝƚŝǀĞƚŽĐŚĂŶŐĞƐŝŶƚŚĞĐĞůůĨŽƌŵƵůĂƚŝŽŶ͕ƚŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶĐŚĂŶŐĞĚ
ƚŽ;ůŝŶĞƐϯϲϱͲϯϲϲͿ͗
͞tŚŝůĞĂůůŵĞƚŚŽĚƐĂƌĞƐĞŶƐŝƚŝǀĞƚŽƚŚĞĐĞůůĨŽƌŵƵůĂƵƐĞĚ;dĂďůĞϳͿ͕DdŝƐƚŚĞŵĞƚŚŽĚůĞĂƐƚĂĨĨĞĐƚĞĚ͘͞
ϮϮ͘ůŝŶĞϱϴϳ͗ĚĞůĞƚĞ͞ĞǆƉĞƌŝŵĞŶƚĂůůǇ͟ƐŝŶĐĞŝƚŝƐƌĞĚƵŶĚĂŶƚ
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘zĞƐ͕ŝƚŝƐĐůĞĂƌůǇĂƉůĞŽŶĂƐŵĂŶĚŝƚŚĂƐďĞĞŶĚĞůĞƚĞĚ;ůŝŶĞϰϬϱͿ͗
͞dŚĞŽďƐĞƌǀĞĚǀĂůƵĞŝƐƚǇƉŝĐĂůůǇĂŶĞƚǇŝĞůĚĂĐĐŽƵŶƚŝŶŐŽŶůǇĨŽƌƚŚĞĨŽƌŵĂƚŝŽŶŽĨŶĞǁĐĞůů͟
Ϯϯ͘ůŝŶĞϱϵϰ͗ĐŽƌƌĞĐƚĂƐ͞ƉƌĞĚŝĐƚŝŽŶŵĞƚŚŽĚƐĂƐƐƵŵĞĂĐŽŵƉůĞƚĞĚĞŐƌĂĚĂƚŝŽŶŽĨĐŽŵƉŽƵŶĚ͘͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚŽŶůŝŶĞϰϭϮ͗
͞ĚĚŝƚŝŽŶĂůůǇ͕ƚŚĞƉƌĞĚŝĐƚŝŽŶŵĞƚŚŽĚƐĂƐƐƵŵĞĂĐŽŵƉůĞƚĞĚĞŐƌĂĚĂƚŝŽŶŽĨƚŚĞĐŽŵƉŽƵŶĚ͘͞
Ϯϰ͘ůŝŶĞƐϲϭϬͲϲϭϭ͗ĐŽƌƌĞĐƚĂƐ͞ŽƚŚĞƌĐĂƌďŽŶƐŽƵƌĐĞƐ͕ĂŶĚŚĞƌĞƚŚĞDdƉƌĞĚŝĐƚĞĚǇŝĞůĚƐĂƌĞǀĞƌǇĐůŽƐĞƚŽƚŚĞ
ĞǆƉĞƌŝŵĞŶƚĂůůǇĚĞƚĞƌŵŝŶĞĚǀĂůƵĞƐ͘͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚĂƐƐƵŐŐĞƐƚĞĚ;ůŝŶĞƐϰϮϲͲϰϮϴͿ͗
͞ŐƌĞĂƚĐĂƌĞǁĂƐƚĂŬĞŶŝŶƚŚĞĞǆƉĞƌŝŵĞŶƚĂůƐĞƚƵƉƚŽŵŝŶŝŵŝƐĞĐŽŶĨŽƵŶĚŝŶŐĨĂĐƚŽƌƐĚƵĞƚŽŽƚŚĞƌĐĂƌďŽŶ
ƐŽƵƌĐĞƐ͕ĂŶĚŚĞƌĞƚŚĞDdƉƌĞĚŝĐƚĞĚǇŝĞůĚƐĂƌĞǀĞƌǇĐůŽƐĞƚŽƚŚĞĞǆƉĞƌŝŵĞŶƚĂůůǇĚĞƚĞƌŵŝŶĞĚǀĂůƵĞƐ͘͟
Ϯϱ͘ůŝŶĞϲϭϮ͗ĐŽƌƌĞĐƚƚĞǆƚĂƐ͞dŚĞŽďƐĞƌǀĞĚĚŝĨĨĞƌĞŶĐĞƐŵŝŐŚƚĂůƐŽďĞĂƚƚƌŝďƵƚĞĚƚŽƚŚĞŝƌŚŝŐŚŚǇĚƌŽƉŚŽďŝĐŝƚǇ
ĂŶĚ͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚĂƐƐƵŐŐĞƐƚĞĚ;ůŝŶĞƐϰϮϵͲϰϯϬͿ͗
͞dŚĞŽďƐĞƌǀĞĚĚŝĨĨĞƌĞŶĐĞƐŵŝŐŚƚĂůƐŽďĞĂƚƚƌŝďƵƚĞĚƚŽƚŚĞŝƌŚŝŐŚŚǇĚƌŽƉŚŽďŝĐŝƚǇĂŶĚůŝŵŝƚĞĚďŝŽĂǀĂŝůĂďŝůŝƚǇ͟
Ϯϲ͘ůŝŶĞϲϭϲ͗ĐŽƌƌĞĐƚƚĞǆƚĂƐ͞ƌĞĂĐƚŝŽŶƐĨŽƌW,ƐŝŶdDϮ͕ŝƚƐĞƌƌŽƌƐǁĞƌĞŚŝŐŚĞƌƚŚĂŶĨŽƌDd͘͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚĂƐƐƵŐŐĞƐƚĞĚ;ůŝŶĞƐϰϯϯͲϰϯϰͿ͗
͟;ƉƵƚĂƚŝǀĞͿŽǆǇŐĞŶĂƐĞƌĞĂĐƚŝŽŶƐĨŽƌW,ƐŝŶdDϮ͕ŝƚƐĞƌƌŽƌƐǁĞƌĞŚŝŐŚĞƌƚŚĂŶĨŽƌDd͘͟
Ϯϳ͘ůŝŶĞƐϲϭϴͲϲϭϵ͗ĐŽƌƌĞĐƚƚĞǆƚĂƐ͞ǇŝĞůĚŽŶĐĂƌďŽĨƵƌĂŶƚĂŬŝŶŐŽǆǇŐĞŶĂƐĞƌĞĂĐƚŝŽŶƐŝŶƚŽĂĐĐŽƵŶƚĂƐƐƵŐŐĞƐƚĞĚ
ŝŶ΀Ϯϵ΁͘͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚ;ůŝŶĞƐϰϯϱͲϰϯϲͿ͗
͞ŵĞĂƐƵƌĞĚďĂĐƚĞƌŝĂůǇŝĞůĚŽŶĐĂƌďŽĨƵƌĂŶďǇƚĂŬŝŶŐŽǆǇŐĞŶĂƐĞƌĞĂĐƚŝŽŶƐŝŶƚŽĂĐĐŽƵŶƚĂƐƐƵŐŐĞƐƚĞĚŝŶ΀Ϯϴ΁͘͞
Ϯϴ͘ůŝŶĞƐϲϮϬͲϲϮϭ͗ĐŽƌƌĞĐƚƚĞǆƚĂƐ͞hŶĚĞƌƐƵůƉŚĂƚĞͲƌĞĚƵĐŝŶŐĐŽŶĚŝƚŝŽŶƐƚŚĞƉƌĞĚŝĐƚĞĚďĂĐƚĞƌŝĂůǇŝĞůĚƐǁĞƌĞ
ŵƵĐŚůŽǁĞƌƚŚĂŶƚŚĞƉƌĞĚŝĐƚĞĚǇŝĞůĚƐƵŶĚĞƌĂĞƌŽďŝĐĐŽŶĚŝƚŝŽŶƐ͕ǁŚŝĐŚĐĂŶďĞĞǆƉĞĐƚĞĚ͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚĂƐƐƵŐŐĞƐƚĞĚ;ůŝŶĞƐϰϯϳͲϰϯϵͿ͗
͟hŶĚĞƌƐƵůƉŚĂƚĞͲƌĞĚƵĐŝŶŐĐŽŶĚŝƚŝŽŶƐƚŚĞƉƌĞĚŝĐƚĞĚďĂĐƚĞƌŝĂůǇŝĞůĚƐǁĞƌĞŵƵĐŚůŽǁĞƌƚŚĂŶƚŚĞƉƌĞĚŝĐƚĞĚ
ǇŝĞůĚƐƵŶĚĞƌĂĞƌŽďŝĐĐŽŶĚŝƚŝŽŶƐ͕ǁŚŝĐŚĐĂŶďĞĞǆƉĞĐƚĞĚĐŽŶƐŝĚĞƌŝŶŐƚŚĞůŽǁĞƌ͟
Ϯϵ͘ůŝŶĞϲϮϯ͗ĐŽƌƌĞĐƚ͞ŶŝŶƚĞƌĞƐƚŝŶŐŽďƐĞƌǀĂƚŝŽŶ͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚĂƐƐƵŐŐĞƐƚĞĚ;ůŝŶĞϰϰϬͿ͗
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͞ŶŝŶƚĞƌĞƐƚŝŶŐŽďƐĞƌǀĂƚŝŽŶǁĂƐƚŚĂƚƚŚĞĚĞĐƌĞĂƐĞŝŶǇŝĞůĚ͟
ϯϬ͘ůŝŶĞƐϲϮϲͲϲϮϳ͗ĐŽƌƌĞĐƚƚĞǆƚĂƐ͞ƚŚĞŵĂũŽƌŝƚǇŽĨƌĞĚŽǆƌĞĂĐƚŝŽŶƐŵŝŐŚƚŶŽƚďĞƐƵĨĨŝĐŝĞŶƚƚŽĨƵĞůďĂĐƚĞƌŝĂů
ŐƌŽǁƚŚ͘͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚĂƐƐƵŐŐĞƐƚĞĚ;ůŝŶĞƐϰϰϰͲϰϰϱͿ͗
͞ƚŚĞĞŶĞƌŐǇƌĞůĞĂƐĞĚĨƌŽŵƚŚĞŵĂũŽƌŝƚǇŽĨƌĞĚŽǆƌĞĂĐƚŝŽŶƐŵŝŐŚƚŶŽƚďĞƐƵĨĨŝĐŝĞŶƚƚŽĨƵĞůďĂĐƚĞƌŝĂůŐƌŽǁƚŚ͟
ϯϭ͘ůŝŶĞϲϯϵ͗͞tŚĞƌĞ͟ƐŚŽƵůĚďĞ͞tŚŝůĞ͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚĂƐƐƵŐŐĞƐƚĞĚ;ůŝŶĞϰϱϳͿ͗
͞tŚŝůĞddzDĂŶĚdDϮďŽƚŚŽǀĞƌĞƐƚŝŵĂƚĞĚƚŚĞǇŝĞůĚĨŽƌŽǆĂůĂƚĞ͕͟

ϯϮ͘ůŝŶĞϲϰϲ͗ĐŽƌƌĞĐƚƚĞǆƚĂƐ͞ƌĞĂĐƚŝŽŶ͕ŬŶŽǁůĞĚŐĞŽĨƚŚĞ'ŝďďƐĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶŽĨĐŚĞŵŝĐĂůŝƐŶĞĞĚĞĚ͘͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚƐĞĞĐŽŵŵĞŶƚϲƵŶĚĞƌDĂũŽƌWƌŽďůĞŵƐ;ůŝŶĞƐ
ϰϲϰͲϰϲϰͿ͗
͞ůůŵĞƚŚŽĚƐĂƌĞďĂƐĞĚŽŶƚŚĞ'ŝďďƐĞŶĞƌŐǇŽĨƌĞĂĐƚŝŽŶĂŶĚŬŶŽǁůĞĚŐĞŽĨƚŚĞ'ŝďďƐĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶŽĨ
ƚŚĞĐŚĞŵŝĐĂůŽĨŝŶƚĞƌĞƐƚŝƐŶĞĞĚĞĚ͟
ϯϯ͘ůŝŶĞƐϲϳϬͲϲϳϭ͗ĐŽƌƌĞĐƚƚĞǆƚĂƐ͞ĞŝƚŚĞƌĚƵĞƚŽƚŚĞůŽǁĞŶĞƌŐǇĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞŽǆŝĚĂƚŝŽŶŽĨƐƵďƐƚƌĂƚĞ
;Ğ͘Ő͘ĨŽƌŵĂƚĞŽƌĨŽƌŵĂůĚĞŚǇĚĞͿŽƌƚŚĞůŽǁĞŶĞƌŐǇĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞƌĞĚƵĐƚŝŽŶŽĨĞůĞĐƚƌŽŶĂĐĐĞƉƚŽƌ͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚ;ůŝŶĞƐϰϴϭͲϰϴϰͿ͗
͞ĞŝƚŚĞƌĚƵĞƚŽƚŚĞůŽǁĞŶĞƌŐǇĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞŽǆŝĚĂƚŝŽŶŽĨƐƵďƐƚƌĂƚĞ;Ğ͘Ő͘ĨŽƌŵĂƚĞŽƌĨŽƌŵĂůĚĞŚǇĚĞͿ͕Žƌ
ƚŚĞůŽǁĞŶĞƌŐǇĂƐƐŽĐŝĂƚĞĚǁŝƚŚƚŚĞƌĞĚƵĐƚŝŽŶŽĨƚŚĞĞůĞĐƚƌŽŶĂĐĐĞƉƚŽƌ;Ğ͘Ő͘^KϰϮͲͿ͘͞
ϯϰ͘ůŝŶĞƐϲϴϱͲϲϴϳ͗ŵŽĚŝĨǇƚŚŝƐƐĞŶƚĞŶĐĞĂƐĨŽůůŽǁƐ͞ZĞƐƵůƚƐŽďƚĂŝŶĞĚďǇƋ͘;ϮϮͿĂƌĞƐŵĂůůĞƌƚŚĂŶƚŚĞ
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Z/͕//ĂŶĚ///ĂƌĞĐŽŵƉĞƚŝŶŐ͘/Ĩ
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ŽĨƚŚĞƉĂƌĞŶƚĐŽŵƉŽƵŶĚŽƌŝƚƐŵĞƚĂďŽůŝƚĞƐ;ƚǇƉĞ//EZͿ΀ϴ΁͘͟
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ϰϴ͘ůŝŶĞϳϯϭͲϳϯϮ͗ĐŽƌƌĞĐƚƚŚĞĨŝƌƐƚƉĂƌƚŽĨƚŚŝƐƐĞŶƚĞŶĐĞĂƐ͞ůůŵĞƚŚŽĚƐǁĞƌĞŝŶƐĞŶƐŝƚŝǀĞǁŝƚŚƌĞƐƉĞĐƚƚŽƚŚĞ
ŝŵƉƌĞĐŝƐĞĚĂƚĂŽŶ'ŝďďƐĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶ͟
dŚĂŶŬǇŽƵĨŽƌǇŽƵƌƐƵŐŐĞƐƚŝŽŶ͘dŚĞƐĞŶƚĞŶĐĞŚĂƐďĞĞŶƌĞǀŝƐĞĚ;ůŝŶĞƐϱϰϬͲϱϰϯͿ͗
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͞$OOPHWKRGVVKRZHGORZVHQVLWLYLW\WRYDULDWLRQVLQWKH*LEEVHQHUJ\RIIRUPDWLRQRIWKHRUJDQLF
FKHPLFDOVEHFDXVHPRVWRIWKH*LEEVHQHUJ\RIUHDFWLRQVWHPVIURPWKHIRUPDWLRQRIWKHR[LGDWLRQ
SURGXFWVFDUERQGLR[LGHDQGZDWHU
ϰϵ͘ůŝŶĞϳϰϴ͗ƉƌŽďĂďůǇ͞ƐƉƌĞĂĚƐŚĞĞƚ͟
dŚĂŶŬǇŽƵĨŽƌƉŽŝŶƚŝŶŐƚŚŝƐŽƵƚ͘dŚŝƐŚĂƐďĞĞŶĐŽƌƌĞĐƚĞĚ;ůŝŶĞϱϱϲͿ͘ƉƉĂƌĞŶƚůǇŵǇD^tŽƌĚĂƵƚŽŵĂƚŝĐĂůůǇ
ĐŚĂŶŐĞƐŝƚƚŽ͞ƐƉƌĞĂĚƐŚĞĞƚ͘͟
ϱϬ͘ůŝŶĞϳϰϵ͗ĐŽƌƌĞĐƚƚĞǆƚĂƐ͞ŽŶƌĞƋƵĞƐƚĨƌŽŵƚŚĞĨŝƌƐƚĂƵƚŚŽƌ͘͟
dŚŝƐŚĂƐďĞĞŶĐŽƌƌĞĐƚĞĚ͘>ŝŶĞϱϱϳŶŽǁƌĞĂĚƐ͗
͞ŽŶƌĞƋƵĞƐƚĨƌŽŵƚŚĞĨŝƌƐƚĂƵƚŚŽƌ͘͟

KƚŚĞƌĐŚĂŶŐĞƐ
KƚŚĞƌĐŚĂŶŐĞƐŵĂĚĞƚŽƚŚĞŵĂŶƵƐĐƌŝƉƚĂƌĞůŝƐƚĞĚŚĞƌĞ͘
>ŝŶĞϳϳϯ͗͞ĂŶĚ&ŝŐƵƌĞƐ͟ĚĞůĞƚĞĚ͘
>ŝŶĞƐϴϭϳͲϴϭϴ;ĚĞůĞƚĞĚ͞ĂŶŽǆŝĐ͟Ϳ͗͞ŽŵƉĂƌŝƐŽŶŽĨďĂĐƚĞƌŝĂůŐƌŽǁƚŚǇŝĞůĚƐŽĨŽƌŐĂŶŝĐĐŚĞŵŝĐĂůƐŽĨ
ĞŶǀŝƌŽŶŵĞŶƚĂůĐŽŶĐĞƌŶƵŶĚĞƌĂŶĂĞƌŽďŝĐĐŽŶĚŝƚŝŽŶƐŝŶŐĐĞůůĐĂƌďŽŶ;ŐƐƵďƐƚƌĂƚĞĐĂƌďŽŶͿͲϭ͘͟
>ŝŶĞƐϴϮϮͲϴϮϯ͗͞dŚĞĞŶƚƌŝĞƐĂƌĞƐŽƌƚĞĚĨƌŽŵůŽǁƚŽŚŝŐŚƉƌĞĚŝĐƚĞĚǇŝĞůĚŽĨDdƵŶĚĞƌŶŝƚƌĂƚĞͲƌĞĚƵĐŝŶŐ
ĐŽŶĚŝƚŝŽŶƐ͘͟
/ŶƐƵďͲƐĞĐƚŝŽŶϯ͘ϯWƌĞĚŝĐƚŝŽŶŽĨďŝŽŐĞŶŝĐEZĨŽƌŵĂƚŝŽŶďĂƐĞĚŽŶƚŚĞƉƌĞĚŝĐƚĞĚŐƌŽǁƚŚǇŝĞůĚƐƚŚĞ
ĨŽůůŽǁŝŶŐƐĞŶƚĞŶĐĞǁĂƐĚĞůĞƚĞĚĂƐŝƚǁĂƐĂŶƵŶŶĞĐĞƐƐĂƌǇƌĞƉĞƚŝƚŝŽŶ͗
͞,ŝŐŚKϮĨŽƌŵĂƚŝŽŶĂƐĂŵĞĂƐƵƌĞĨŽƌŵŝĐƌŽďŝĂůĂĐƚŝǀŝƚǇƚǇƉŝĐĂůůǇƌĞƐƵůƚĞĚŝŶƚŚĞƉƌĞĚŝĐƚŝŽŶŽĨĂůĂƌŐĞ
ďŝŽŐĞŶŝĐEZƉŽŽů͘͟
dŽƌĞĨůĞĐƚƚŚĞĐŽŶƚƌŝďƵƚŝŽŶƐŵĂĚĞďǇƚŚĞĂŶŽŶǇŵŽƵƐƌĞǀŝĞǁĞƌƐ͕ƚŚĞĂĐŬŶŽǁůĞĚŐĞŵĞŶƚƐŶŽǁƌĞĂĚ;ůŝŶĞƐ
ϱϱϬͲϱϱϱͿ͗͞dŚŝƐƌĞƐĞĂƌĐŚƉƌŽũĞĐƚǁĂƐĨŝŶĂŶĐŝĂůůǇƐƵƉƉŽƌƚĞĚďǇƚŚĞdĞĐŚŶŝĐĂůhŶŝǀĞƌƐŝƚǇŽĨĞŶŵĂƌŬĂŶĚƚŚĞ
,ĞůŵŚŽůƚǌĞŶƚƌĞĨŽƌŶǀŝƌŽŶŵĞŶƚĂůZĞƐĞĂƌĐŚh&͘tĞƚŚĂŶŬ&ĂďŝŽWŽůĞƐĞů͕ĂƌƐŽŶKĚĞůů>ĞĞ͕ĂŶĚhůƌŝĐŚ
ĂǇ'ŽƐĞǁŝŶŬĞůĨŽƌǀĂůƵĂďůĞƐƵŐŐĞƐƚŝŽŶƐĂŶĚĚŝƐĐƵƐƐŝŽŶƐ͘tĞĂůƐŽǁŝƐŚƚŽĂĐŬŶŽǁůĞĚŐĞƚŚĞĐŽŵŵĞŶƚƐĂŶĚ
ƐƵŐŐĞƐƚŝŽŶƐƉƌŽǀŝĚĞĚďǇƚŚĞĂŶŽŶǇŵŽƵƐƌĞǀŝĞǁĞƌƐǁŚŝĐŚŚĞůƉĞĚƚŽŝŵƉƌŽǀĞƚŚĞŵĂŶƵƐĐƌŝƉƚ͘͟
ĨƚĞƌŚĂǀŝŶŐƌĞͲĞǆĂŵŝŶĞĚƚŚĞƚĂďůĞƐ͕ŝƚĂƉƉĞĂƌƐƚŚĂƚƚŚĞǀĂůƵĞƐŝŶĐŽůƵŵŶϮ;zyWͿŝŶdĂďůĞϲĂƌĞŝŶĐŽƌƌĞĐƚůǇ
ůŝƐƚĞĚ͘dŚĞǇŚĂǀĞƐŽŵĞŚŽǁƐŚŝĨƚĞĚĚƵƌŝŶŐƚŚĞƚƌĂŶƐĨĞƌĨƌŽŵƚŚĞƐƉƌĞĂĚƐŚĞĞƚƚŽƚŚĞƚĞǆƚĚŽĐƵŵĞŶƚ͘dŚĞ
ǀĂůƵĞƐŝŶƚŚĞŽƚŚĞƌĐŽůƵŵŶƐĂƌĞĐŽƌƌĞĐƚ͕ŚĞŶĐĞ͕ƚŚĞĂŶĂůǇƐŝƐĂŶĚĐŽŶĐůƵƐŝŽŶƐŵĂĚĞďĂƐĞĚŽŶdĂďůĞϲĂƌĞĂůů
ĐŽƌƌĞĐƚĂŶĚƵŶĐŚĂŶŐĞĚ͘
DŽƌĞŽǀĞƌ͕ǁƌŽŶŐǀĂůƵĞƐĨŽƌzdW;сϱͿĂŶĚͲ,ͲďŽŶĚƐ;сϲͿĨŽƌŐůƵĐŽŶĂƚĞŚĂǀĞďĞĞŶƵƐĞĚ͘/ŶƐƚĞĂĚƚŚĞǀĂůƵĞƐ
ƐŚŽƵůĚŚĂǀĞďĞĞŶzdWсϭϬĂŶĚͲ,ͲďŽŶĚƐсϭϮ͘dŚŝƐŚĂƐďĞĞŶĐŚĂŶŐĞĚŝŶƚŚĞƐƵƉƉůĞŵĞŶƚĂƌǇŝŶĨŽƌŵĂƚŝŽŶ
dĂďůĞ^ϮĂŶĚƚŚƵƐĐŽƌƌĞĐƚĞĚŝŶdĂďůĞϲĂŶĚdĂďůĞϳ͘
ĚĚŝƚŝŽŶĂůůǇ͕ƚŚĞĐĂůĐƵůĂƚŝŽŶƐŵĂĚĞĨŽƌƚŚĞƉƌĞƉĂƌĂƚŝŽŶŽĨdĂďůĞϳĂůƐŽĐŽŶƚĂŝŶĂŵŝŶŽƌĐĂůĐƵůĂƚŝŽŶĞƌƌŽƌ͘
/ŶƐƚĞĂĚŽĨƵƐŝŶŐzdWсϭϬ͘ϱĨŽƌƚŚĞĐĂůĐƵůĂƚŝŽŶŽĨƚŚĞŐƌŽǁƚŚǇŝĞůĚĨŽƌdDϮĂŶĚddzDŵĞƚŚŽĚƐ͕ĂǀĂůƵĞ
ŽĨzdWсϭϬ͘ϱǆϬ͘ϴсϴ͘ϰŚĂƐďĞĞŶƵƐĞĚ͘dĂďůĞϳŚĂƐďĞĞŶƵƉĚĂƚĞĚǁŝƚŚĐŽƌƌĞĐƚůǇĐĂůĐƵůĂƚĞĚǀĂůƵĞƐ͘dŚĞ
ĐŽŶĐůƵƐŝŽŶƐĚƌĂǁŶŽŶƚŚĞŽƌŝŐŝŶĂůĞƌƌŽŶĞŽƵƐĐĂůĐƵůĂƚŝŽŶƐĂƌĞƐƚŝůůǀĂůŝĚ͘
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
ŽŶƐĞƋƵĞŶƚůǇ͕&ŝŐƵƌĞ^ϭŚĂƐĂůƐŽďĞĞŶĐŚĂŶŐĞĚƚŽƌĞĨůĞĐƚƚŚŝƐ͘dŚĞĐŚĂŶŐĞƐĚŽŶŽƚĐŚĂŶŐĞĂŶǇĐŽŶĐůƵƐŝŽŶ
ŵĂĚĞ͘
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6

6XSSOHPHQWDU\,QIRUPDWLRQ


0LFURELDOJURZWK\LHOGHVWLPDWHVIURPWKHUPRG\QDPLFVDQGLWV
LPSRUWDQFHIRUGHJUDGDWLRQRISHVWLFLGHVDQGIRUPDWLRQRIELRJHQLF
QRQH[WUDFWDEOHUHVLGXHV
$QGUHDV/LERQDWL%URFND0DWWKLDV.lVWQHUE6WHIDQ7UDSSD
D'HSDUWPHQWRI(QYLURQPHQWDO(QJLQHHULQJ7HFKQLFDO8QLYHUVLW\RI'HQPDUN.JV
/\QJE\'HQPDUN
E8)=²+HOPKROW]&HQWUHIRU(QYLURQPHQWDO5HVHDUFK'HSDUWPHQWRI(QYLURQPHQWDO
%LRWHFKQRORJ\/HLS]LJ*HUPDQ\
DOLE#HQYGWXGN3KRQH


7KHVXSSRUWLQJLQIRUPDWLRQFRQWDLQVLQIRUPDWLRQUHJDUGLQJ

L 66XPPDU\RIWKHPHWKRGVXVHGWRHVWLPDWHWKHPLFURELDOJURZWK\LHOGV
LL 7DEOH6%DODQFHGKDOIUHDFWLRQVRIWKHVLPSOHFDUERQVXEVWUDWHVDQGWKH
*LEEVIUHHHQHUJ\RIUHDFWLRQ
LLL 7DEOH6*LEEVIUHHHQHUJ\RIIRUPDWLRQ&+ERQGV<$73
LY 7DEOH67KHUHODWLYHGHYLDWLRQIURPWKHHVWLPDWHGEDFWHULDOJURZWK\LHOG
HVWLPDWHGXQGHUDHURELFFRQGLWLRQVZKHQDVVXPLQJD*LEEVIUHHHQHUJ\RI
IRUPDWLRQRIN-PRO
Y )LJXUH67KHHIIHFWRIFHOOIRUPXODRQWKH\LHOGHVWLPDWH
YL 5HIHUHQFHV


SDJHVWDEOHVILJXUH

 
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6

66XPPDU\RIWKHPHWKRGVXVHGWRHVWLPDWHWKHPLFURELDOJURZWK\LHOGV
$VXPPDU\RIWKHWKUHHPHWKRGVWRHVWLPDWHWKHPLFURELDOJURZWK\LHOGVLVSURYLGHGLQ
WKHIROORZLQJ
60LFURELDO7XUQRYHUWR%LRPDVV07%
7KH0LFURELDO7XUQRYHUWR%LRPDVV07%PHWKRGSUHVHQWHGLQ7UDSSHWDO>@ZDV
EDVHGRQWKHZRUNE\'LHNHUW>@ZKHUHWKHPD[LPXPEDFWHULDO\LHOGLVGHWHUPLQHG
IURPWKHQXWULWLRQDOYDOXHRIWKHVXEVWUDWH1FRPELQHGZLWKWKHGHWHUPLQDWLRQRIELR
DYDLODEOHHOHFWURQVIURPWKHUHDFWLRQ7KHQXWULWLRQDOYDOXHGHVFULEHVKRZPXFK
VXEVWUDWHLVQHHGHGSHUPDVVRIEDFWHULD>JVXEVWUDWHJELRPDVV@7KLVLVVXEGLYLGHG
LQWRDELRPDVV\LHOGLQJDQDEROLFDQGHQHUJ\\LHOGLQJFDWDEROLFSDUW7KHQXWULWLRQDO
YDOXHLVWKHLQYHUVHRIWKH\LHOGZKHQWKH\LHOGLVGHILQHGDVJUDPRIFHOOVSHUJUDPRI
VXEVWUDWH
ܰ ൌ ௔ܰ௡௔ ൅ ௖ܰ௔௧௔ ൌ ଵ௒ ൌ
ଵ
௒ೌ ೙ೌ ൅
ଵ
௒೎ೌ೟ೌ    6
RUܻ ൌ ௒ೌ ೙ೌൈ௒೎ೌ೟ೌ௒ೌ ೙ೌା௒೎ೌ೟ೌ       6
   
ZKHUH<DQDLVWKHDQDEROLF\LHOG<FDWDLVWKHFDWDEROLF\LHOGDQG<LVWKHEDFWHULDOJURZWK
\LHOG>DOOLQJEDFWHULDGU\ZHLJKWGZJVXEVWUDWH@

&DWDEROLVP
7KHFDWDEROLF\LHOGLVGHWHUPLQHGIURPFDOFXODWLRQRIWKH*LEEVIUHHHQHUJ\UHOHDVHG
IURPWKHFRPSOHWHR[LGDWLRQRIWKHFRPSRXQGWKHVWRUDJHRIWKLVHQHUJ\LQ$73DQG
WKHEDFWHULDOJURZWK\LHOGRQ$73
6
$73
$73
UHDFWLRQ
FDWD 0
<*
*
< K



'
'
  >JFHOOGZJVXEVWUDWH@  6
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